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ABSTRACT 	- 
This Thesis is concerned with the reactions of c-unsaturated diazo-
alkenes, including such compounds which also have _unsaturation as part 
of an aryl ring. These diazoalkenes are produced in aprotic solvent by the 
thermal decomposition of tosylhydrazone sodium salts. 	The effect on these 
reactions, notably cyclisations, of steric constraints and of substituents 
has been examined. 
The research uncovered examples of diazoalkenes which decompose via 
carbenes to give hydrocarbons, and otheiswhich react with retention of 
nitrogen to give 1,2...benzodiazePifles and 311-.pyrazoles. 	The novel expansion 
of a 3H—pyrazole to give a diazepine is described, as are certain thermal 
and acid—catalysed rearrangement reactions of 3_pyrazoles. 
Reaction mechanisms, based on the evidence of both the literature 
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FORMATION AND RLACTlOS OF DI.AZO--COMPOUIWS1 
Diazo—compounds (1) are unstable species which can react in a number 
,,CN2 	(i) 
R 
of ways. 	They are readily protonated to give diazonium salts and thence 
carboniurn ions, and they are also one of the most important sources of 
carbenes. 	Diazo—compounds can react as 1,3—dipoles and this makes them 
useful in the preparation of such heterocyclic systems as pyrazoles, pyrazol— 
ines and diazepinos. 	The physical and chemical properties of diazo— 
compounds will now be discussed. 
1. 	Methods of Formation 
One of the most widely used methods of preparation of diazoalkanes, 
and the method which was used in this research is the base—induced decompo— 
sition of tosyihydrazones. 	Bamford 	 2 i and Stevens n 1952 were the first 
workers to carry out this decomposition. They found that olefins were 
formed when aliphatic tosyihydrazones (2) were heated in ethylene glycol 
with sodium. 
H Na Me2CNNSO2Ar-1 —>CH2=CHM2 N2 ArSO,Nc 
(2) 
Tosylhydrazoncs of aromatic aldehydes and ketones decomposed under 
the same conditions to give products which were the same as those formed 
from the corresponding diazo—compound. 	This led Bamford and Stevens to 
conclude that diazo—compounds were intermediates in the decomposition. 
The mechanism of the decomposition has been intensively studied, and 
(3) 	+ 
N2 
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HOCH2CH20CH2 Ph + PhCH2SO2Ar 
has been shown to depend on a large number of factors,3 including the ability 
of the solvent to donate and accept protons, the type and concentration of 
the base, the presence of thetal cations and Lewis acids, the polarity of the 
reaction solvent and the structural constraints on the substrate. 	In many 
of the early mechanistic investigations, the workers failed to appreciate the 
number of variables involved, and some of their conclusions must be considered 
with this in mind. 
2 	 4 
Through the work of Bamford and Stevens, Heubaum and Noyes, and 
Powell and Whiting,5 it has become accepted that the mechanism of the base— 
induced decomposition of tosy].hydrazones is that shown in scheme 1. 	After 
loss of the j—toluenesulphinate anion, the diazo-compound can be prctonated 
by a suitable solvent to form the diazonium cation (3) which can then lose 
nitrogen to form the carbonium ion. 	In aprotic solvents, the diazo—compound 
will either form heterocyclic compounds by a non—ionic mechanism, or else 
will eliminate nitrogen to give the carbene (4). 	It must be stressed, 
however, that the solvent is only one variable. 	It is quite possible to 
have products derived from carbonium ions even in an aprotic solvent if a 
deficiency of base is present.6  
Shapiro and co—workers7  have studied the effect of varying the base 
concentration in the decomposition of camphor tosyihydrazone (scheme 2), 
while keeping other factors constant. 	In decalin, diglyme and dimethyl— 




















from 0.25 to 1.5 times the equiinolar amount, caused an increase in the pro— 
portion of product (tricyclene (5))  derived from the carbene. 	The proposed 
mechanism involved an equilibrium between diazocamphane (6) and its diazoniurn 
cation (7). 	Excess base pushes the equilibrium in favour of the diazo— 
compound and hence favours the formation of tricyclene (5) by a carbenic 
route. 	less than one equivalent of base favours the cation, and hence the 
formation of products by the carboniuni ion route. 
An entirely different mechanism, not involving diazo—compounds has 
been proposed for the reactions of tosyihydrazones, e.g. 2—methylcyclohexanone 




). Reactions of this type give good yields of alkenes from 











This mechanism is supported by the uptake of deuterium from deuterium oxide. 
Thus, the conditions of tosyihydrazone decompositions can be chosen 
such that the products will be derived froii carbenes, carbonium ions or 
carbanions. 
The classical preparation of the simplest diazoalkane, diazomethane, 
is the treatment of an N-ni 	 N troso-compound, e.g. -nitroso-N_methylurethane 10  
(9) with base. 
NO 
Mer< 	KOH - CHN2 + KHCO3 + EtOH 
COOEt 
(9) 









+ H20 + Hg 
2. Stability and Structure 
The simplest diazoalkane is diazomethane. 	It is highly unstable, 
toxic and hence difficult to work with. 	Its structure can be represented 
as a resonance hybrid of the canonical forms shown below. 
H2C=N=N:-- H20—NN: H2C-NN4--H2O-N=N: 
11  1irl and co—workers, 
12
have used Cn.m.r. spectroscopy to snow tne:t 
the carbon in diazomethane has a high electron density (23.1), showing 
that there is a large contribution from the structures with a negative 
charge on the carbon. 
The stability of larger diazo—compounds depends on-the nature of the 
substituents on the diazo—carbon. 	Conjugating SubstitUentS always increase 
the stability regardless of whether they are electron releasing or with—
drawing. Non—conjugating electron withdrawing substituents favour the 
structures having a formal carbanion (R2C_N 2' whereas electron releasing 
substituents favour a formal positive charge on the carbon atom ( 2C_N2). 
Diazocyclopentadiene (10) is an example of the former and —methoxyphenyl 
diazornethane (11) is an example of the latter. 
+ 
I >-NN MzO- -- H-N=N 
(10) 	 (11) 
Non—conjugating substituents on the diazo—carbon increase the stabil—
ity of the diazoalkane if they are electron withdrawing, but decrease the 
stability if they are electron donating. 13  
3. 	Carbene Formation and General Reactions of Carbenes 14,15 
The photolysis or thermolysis of diazoalkenes in aprotic solvents 
provides the most common general route to carbenes. 	The two non—bonding 
electrons of a carbene may have parallel spins (triplet state) or anti— 
parallel spins (singlet state). 
E 
* 
ground state singlet 
1---- 4- 
excited singlets triplet 
Most carbenes have a bent triplet gound state (12), but some, e.g. 
halocarbenes, have singlet ground states (13). 
(i 2) (13) 
Carbenes can undergo any or all of the following reactions: insertion, 
addition, rearrangement, and reaction with their diazoalkane precursor to give 
an azine. 
Insertion reactions of carbenes, most commonly into C—H bonds, can be 
stereospecific or non—stereospecific, corresponding to the concerted 
16 
 and 
non—concerted 17  mechanisms respectively. 	The concerted process involves a 
three—centre transition state. 
R 	 R 	 P 
R-C-H :CH2 - ) R- )-- H - -4 P-C--CH3  
R 	 R CH2 P 
The configuration of the substrate is retained in the product if this 
mechanism operates. The non—concerted alternative is an abstraction—
recombination process. 
P3C-H :CH2 	> R3C'+CH3 	R3C-CH3  
Since this method involves radicals, the configuration of the substrate 
will presumably be lost and this provides a good test of the mechanism. We 
CH3  





Ph2CH —CHPh2  (1 6) 
Scheme 3 
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might also predict other products from the-intermediate radicals formed by 
rearrangement, abstra.ction,and dimerisation, as well as the recombination 
product, although the recombination could still be very efficient if the 
radicals were held close together, in a solvent cage. 	There is experimental 
support for both mechanisms, and it appears that there is a correlation 
between the mechanism, and the multiplicity of the carbene. 
Diphenylcarbene, which has a triplet ground state has been shown to 
insert by an abstraction-recombination mechanism (Scheme 3). 18 As well as 
the insertion product (14), the two other radical recombination products 
(15,16) are found. 	A chemically induced dynamic nuclear polarisation (CID-.NP) 
study of this system 
19 
 has shown that the three products are formed from 
radicals. 
Conversely, dichiorocarbene, a singlet, has been shown to insert in a 
concerted manner (Scheme 4). 
20 
 Optically active 2-phenylbutane (17) reacted 
stereospecifically with dichlorocarbene to give optically active 1 ,1-.dichloro-
2-methyl-2-phenylbutane (18). 
Two important types of intramolecular carbene insertions are: 
(a) into an c<-carbon-hydrogen bond to form an olefin, and (b) into a 







As well as 1,2-hydrogen shifts as in (a), other groups, e.g. alkyl, 





However, it is often difficult to distinguish between the above 
mechanism and one involving concerted migration of the group H and expulsion 
of the leaving group. 
R 
> )=CHR + N2 
R 	 R 
One of the most characteristic reactions of carbenes is their addition 
to olefins to give cyclopropafleS. 
+ 	:C H2 - 	 IIII>(  
H 
Xvi H 
Skell and Garner21 
and later Hoffmann22 showed on theoretical grounds 
that the ground state singlet adds stereospecificallY, whereas triplet or 
excited state singlet carbenes add non_stereospecifical]Y. 	
Skell describes 
this phenomenon in terms of spin states, whereas Hoffmann uses the concept 
of spatial distribution of the wave function. Thus, the correlation between 
multiplicity and stereospecificity is shown to hold for both insertion and 
addition reactions of carbenes. 
Most carbenes are electroj)hilic in character, and add readily to 





The reason for this unusual feature is that nucleophilic carbenes are most 
stable if the two carbene electrons are in the sp2 orbital in the plane of 
the molecule. 	This allows 4n + 2 ic—electrons to give the molecule aromatic 
stability. The vacant p—orbital on the carbene is a poor electrophilo as 
such a reaction would upset the Dc—system. 
Carbenes can also add to allenes, alkynes and aromatic compounds. 
Carbenes are such short—lived intermediates that their dimerisation 
is unlikely. A common reaction, however, is attack on the diazoalkane 
precursor to give either the azine or the apparent "dimer". 
P 	 R 
/ 
+ N2C\  
P 	 R 
P 	 R 
C-N-N=C'  
/ 
P 	 P 
 
R 
- /C=C\ + N2  
R 	P 
Of the large number of rearrangements which carbenes are known to 
undergo, those which are of most relevance to this work are the recent 







developments in carbene—carbene rearrangements in apro tie solvents, carried 
25 out by Jones and co—workers. 249 	(Scheme 5) 
The 	naphthyl carbene (19) can also be detected by its insertion 
into cyclohexane and diglyme. Ventru 26p has recently carried out thermo— 
chemical calculations which have given a unifying explanation of the majority 
of the experimental data published to date, 
4. 	Electrocyclic Reactions 
(a) Intermolecular Cc.loaddition Reactions 
Cycloadducts of diazoalkancs have been known for a great many years. 
For example, in 1910 Oliveri—Mandala27 synthesised pyrazolines using diazo—
methane. 
CH2N2 	4 
3029, In the early 1960's, diazoalkanes were shown by i-Iuisgen 289 	to be 
members of the class of 1,3—dipolar molecules which undergo 1,3—cycloadditions, 














1,3—Dipolar cycloadditions exhibit-common mechanistic features: they 
are not markedly influenced as to rate or stereochemistry by solvent polarity; 
they show low enthalpies of activation, and large negative entropies of 
activation; they produce five—membered cyclic compounds in which the stereo— 
chemistry of the reacting olefin (dipolaropliile) is maintained. 	The 
reaction rates are markedly increased by Conjugation of the reacting site 
in the olefin, but reduced by the steric effect of all types of substituent. 
Reactivity of diazoalkanes in cycloaddi-Lion is markedly reduced by conjugat-
ing substituents on the diazo-carbon, but is increased by alkyl groups. 
This is in line with the stabilities of these two types of diazo-compounds. 
The mechanism of cycloaddition has come under intense investigation. 





32 Firestone 31, has recently argued in favour of a non-concerted mecnan- 
ism involving radicals (route b). Huisgen,28  however, had previously proposed 
that 3 + 2-5 cycloadditions occurred via a concerted process (route a) 
involving a cyclic transition state. 	Firestone claims that the unidirect- 
ionality of orientation exhibited by most 1,3-dipoles towards both electron 
rich and electron poor dipolarophiles supports the diraclical mechanism as one 
of the possible diradicals would be more stable than the other. He also 
claims that steric effects and the fact that there is only a small solvent 
effect supports his mechanism. 	jiuisgen,2830 however, claims that the cis- 
stereospecificity of the cycloaddition, together with activation parameters 
support the concerted pathway, He also says that the magnitude of the 
solvent effect is entirely adequate for th concerted pathway, Woodward 
and Hoffmann 33 have shown, that Huisgen s mechanism is allowed, in a supra_. 
supra sense, by orbital symmetry. 	The matter is as yet unresolved. 
Unsaturated diazo—compounds may react with dipolarophi].es to give 
pyrazolines and pyrazoles in the normal manner. 34  
R-CC-R 
	




They may also undergo an intramolecular cycloaddition yielding pyrazoles. 
(b) Intramolecular Cycloaddjtjon Reactions 
In 193535,36 3—diazopropene (20) was shown to spontaneously cyclie 





In 1967, Ledwith and Parry 37 reinvestigated this reaction and reported 
that the rate of reaction was enhanced by light. They postulated the 
3H—pyrazole (21) as the absorbing species in the reaction, as 1,3—dipolar 
cycloaddi-tions of diazoalkanes are not accelerated by light. 
The mechanism of these intramolecular cycloadditions has been in—
vestigated by ]3rewbaker and Hart,13  who studied a series of aryl and alkyl 
substituted diazoalkenes. 	They allowed these compounds to slowly cyclise 
in cyclohexene at room temperature, and obtained good yields of 1H—pyrazoles. 
Ar 
N k  
It was found that a conjugating aryl substituent on the p—carbon of 
the diazoalkene increased the rate of cyclisation to the pyrazole, but 
substitution of electron withdrawing and electron releasing substituents in 
the phenyl ring had little effect on the rate. Methyl subsi-Luents on the 
oand p—carbons of the diazoalkene slightly reduce the rate of cyclisation 
of 3—diazopropene, whereas methyl substitution on the diazo_.carbon has a 
marked accelerating effect. 	The relative rates of cyclisation of the three 





The marked accelerating effect of the methyl group on the diazo—carbon 
is probably due to the electron releasing property of the group causing  
reduced stability. 
All these results support the conclusion that cyclisation of 3—diazo—
alkenes to pyrazoles is an intramolecular, concerted, 1,3—dipolar cyclo_ 
	















H2 	 R3 	Yield (24) 0 7
/
o 
A 	 Me Me H 72 
B 	 Me H Me 39 
C 	 Me H H 50 
D 	 H Me H 4 
E 	 H Me Me 1.5 
F 	 H H H 3 
Ittr 
addition, 
The first report of the decomposition of the sodium salt of 
unsaturated tosylhydrazones was that of Closs and co—workers. 38 Under 
conditions of a 2 to 2.5 fold excess of sodium methoxide over tosylhydrazone 
in aprotic solvent (diglyme or diethyl carbitol) at 160_2200, these workers 
formed cyclopropenes and pyrazoles (Scheme 6). 	Cyclopropene yields are 
given in Table 1. 
These workers thus showed that substitution of a methyl group for a 
hydrogen in position R greatly increased the cyclopropene yield, Unfor—
tunately, Closs and co—workers did not make much effort to determine the 
pyrazole yields. 
The possibility that the 3H—pyrazole could give rise to the cyclo—




Support for the carbene mechanism was found in that 4—methylpenta- 
1,3—diene (25) is formed in the decomposition of 4—methylpent-3—ena-2_one 

























The intermediacy of the diazoalkene was supported by reducing the 
tosylhydrazone decomposition temperature to 70-90°. 	Under these conditions, 
the diazoalkenes from compounds A and B (Table 1) were isolated. 	On 
pyrolysis, these diazoalkenes gave the cyclopropene as before. 
To account for the large variation in cyclopropene yields, Closs and 
co-workers suggested that the behaviour of the diazoalkene is strongly 
dependent on the degree of substitution on the (-carbon of the tosylhydrazone. 
These workers maintain that both steric and electronic effects resulting from 
increasing methyl substitution at this position will retard the rate of 
cyclisation to the 311-pyrazole. 	Elimination of nitrogen will be accelerated 
by the electron releasing power of the methyl groups. 
Sato and Watanabe 39 decomposed o-methylstyryl phenyl ketone tosyl- 
hydrazone (27) in both protic and aprotic solvents (Scheme 7). 	In protic 
solvent (sodium methoxicle in ethylene glycol), the decomposition gave 
5-methyl-3,4-diphenylpyrazole (28), while in aprotic conditions (sodium 
hydride in n-hexane) 3-methyl-3,5-diphenylpyrazole (29) was found. The 
3H-pyrazole (29) could be rearranged to the 111.-.pyrazole when it was heated 
in ethanol. 
Thorogood4° reinvestigated this system using the sodium salt of the 
tosyihydrazone as his starting material. He confirmed that the decomposition 
products in protic (ethanol) and aprotic (cyclohexane) solvents were as found 
by Sato and 'Watanabe 
39 
 and showed that 1H-pyrazole (28) could be formed in 
aprotic solvent either from the tosyihydrazone salt or the 311-pyrazole (29), 
provided the reaction was carried out at a high enough temperature (i.e. in 
boiling toluene, b.p. 1110). 	Such thermal and acid-catalysed rearrangements 
will be discussed in more detail in the next section. 
No products derived from carbenes were found by either Sato and 
Watanabe 39 or Thorogood4° in the decomposition of o -methyistyryl phenyl 
ketone tosylhydrazone. 	This is in contrast to the decompositions carried 
out by Closs and co—workers 38 who found that bulky groups on the —carbon 
resulted in high yields of cyclopropenos. 	The difference in behaviour is 
probably due to the high temperatures (160_2200) used by Closs and co—workers, 
and also to the effects of the phenyl groups. The phenyl group on the di—
azo—carbon of the diazoalkene (30) will stabilise the intermediate, 37 while 
the phenyl on the /3—carbon will increase the rate of cyclisation to the 
pyrazoles. 13 
These electrocyclic reactions can be extended to give seven membered 
rino  g products if molecules with suitable geometry are used. 	Sharp and co— 
workers 41 , 42 havecyclised aryl substituted diazoalkenes to give chazepines 
(31) when the geometry of the molecule was such that pyrazole formation was 
unfavourable. The decomposition of the fl—unsaturated ±osylhydrazones of 
cyclic ketones 
41
has shown that the geometrical constraints on the resulting 
diazoalkene can be extremely important in determining its mode of decomposi—
tion. 
_
The decomposition of the tosylhydrazone salts which have a f_hydrogen 
atom (Scheme 8) are not, however, affected by the ring size. 	The sodium 
0 
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Q< Me  Me 
NN SO2Ar 
N2j 
salts of 2—rnethyienecyeiohexanoiie (32,n=2) and 2—methylenecyc lopentanone 
(32,n1) tosylhydrazones both decompose in aprotic solvents to give 111—pyra_ 
zolos. 	Stanley 43 showed a similar result with l—acetylcyclopentene tosyl— 
hydrazone (Scheme 9). 	In each of these cases the tosylhydrazone has a 
hydrogen atom on the 16—carbon which can migrate to aroma-Lise the 3H—pyrazole 
to the more stable 111—pyrazole. 
However, when there is no hydrogen on the j—carbon then the mode of 
reaction of the tosyihydrazone salt is strongly influenced by ring size. 
When 2—isopropylidenecyclopentanone tosylhydrazone (33) was decomposed, the 
diazoalkene lost nitrogen and the resultant carbene underwent a hydride shift 
to form the diene (34). 
,Me 	 r\Me 
I -J ' - 	I Me =<Me 
(34) 
With two aryl groups on the methylene carbon of the tosylhydrazones 
(35, Scheme 10), Sharp and co—workers 41 showed that a different mode of 
cyclisation became possible. With n = 1, the diazo group attacked the 
aromatic ring to form a diazcpine (36). 
A steric effect was postulated 
41
to account for the difference in 
behaviour between the cyclopen-Lanones and the cyclohexanones. 	It was 

























 Ph " Z~ 	 Ph J 
Scheme ii 
R R 
NN  Ts 
Scheme 12 
facilitated cyclisation to the pyrazole, but that the five membered analogues 
were less well set up for such a reaction and decomposed by another route, 
i.e. to the diazepine (36) or the diene (34). 	This postulate about the 
molecular geometry will be amplified in the discussion section of this Thesis. 
The only tosyihydrazones of types A & B winch Thorogood. 40 and. Stanley 43 
found which decomposed to give pyrazoles were those with R1 
	
if, i.e. those 




NHTs 	 R2#>NNHTs 
A 	 B 
yelisa-bions of diazoalkenes to give good yields of diazepines were 
also carried out by Stanley 43 with 2-diphenylmethyleneindan_1_one tosylhydra 
zone (Scheme ii), and by Sharp and co-workers44 with 	-(Q-alkeny1ary1)_. 
diazoalkanes (Scheme 12). 	The diazoalkene (37) does not cyclise to an 
indazole as such a mode of decomposition would result in an irrevocable loss 
of aromaticity. 
I?EARRANGE[ENT REACTIONS OF E&2OIS 
In 1943, van Alphen 45 studiedthe acid-catalysed rearrangemerts of 
3H-pyrazoles and found that a large variety of 3H-pyrazoles gave 111-pyrazoles 
when heated in acetic acid. 	He reported that 3,3,4,5-tetrasubsti-Luted 
34H-pyrazoles (38) could give either of the- 111--pyrazoles (39) and (40). 
18. 




With 3,3,5-trisubs!ituted 3H-pyrazoles, van Aiphen showed that migra-




In 1960, Hittel and co-workers 46 continued the study of acid-catalysed 
rearrangements, the results of which were in general agreement with those of 
van Alphen.45 They also carried out some thermal rearrangements of 3H-pyra-
zoles (41) in the absence of acid, and concluded that a phenyl group migrates 
more readily than a methyl, both in the acid-catalysed and the thernal 
rearrangements. 
H Me 	 Ph Me 
'Ph 
- MeOOCN 	MeOoc  
H (41) 
Moritani 47 heated the 3H-pyrazole (42) and postulated an unstable 
411.-pyrazole intermediate in the rearrangement to the stable 111-pyrazole. 
Ph 	 r Ph 	R 
Ph <R  H 1600  
P h N
1yme L 
	' j Ph 
(42) 
R = CH2CH2COQMe 
A similar acid-catalysed rearrangement was carried out by Sato and 
i Watanabe 39 on heating 3-methyl-3,5-diphenylpyrazole n boiling ethanol the 
ethanol being sufficiently acidic to catalyse the reaction), and Thorogooci 40 
effected the same reaction thermally, in boiling toluene. 	This further 
illustrates the preferential migration of a phenyl over a methyl group, as 
H 	Ph Me 	Ph Me 
!,,N 	 N Ph N-0 Me H 
found by Hiittel. 46 
The preparation of 1H-pyrazoles from 311-pyrazoles has been reviewed. 
by Fusco. 48 
Wittig and Hutchison 49 rearranged the 311-pyrazole (43) by heating in 
acetic acid. 	They claimed that the product was the 111-pyrazole (44) as would 
be predicted from the work of van Alphen.45 To further characterise their 
product (44), these workers formed pyrazoline (45) by reduction. 	Jacquier 
Ph Ph 	 Ph 
L JN 









and co-workers 5° have recently repeated these reactions, using the same 
conditions as Wittig and. Hutchison. 
49 
They produced identical products but 
dispute the structures (44) and (45) assigned by the earlier workers. 
Jacquier's group synthesised an authentic sample of the pyrazole (44) from 
the phenyihydrazone (46), and found that it was not identical with the product 






They concluded that the product of the 
Ph 
N—Ph 
Ph 	 (44) 












pyrazole (43) rearrangement was therefore not (44) but the 411-pyrazole (47, 
Scheme 13), which they characterised by reduction to the pyrazoline (48) in 
zinc and acetic acid. 
Jacquier and co-woricers51 have more recently shown that a 311-pyrazole 
can rearrange to a 41I-pyrazole (49) even when it contains an ester group. 




MeO2C N N 




to give a lIT-pyrazole. From both the thermal and the acid-catalysed re-
arrangements of 31I-pyrazoles, Jacquier has concluded that if both the 
substituents on C-3 are aryl, it may be possible for a rearrangement of type 
A to occur, but in other cases, the rearrangement (type B) goes to the 
Type A 
R 
	 pN r 
4H-pyrazole, which will be stable if R is a1ir1 or aryl. 	If 0 = H, the 
4H-pyrazole is isomerised to the 1R-pyrazole, and if 0 is an ester group, 
the pyrazole will rearrange under drastic conditions of heating or acidity 
to give the 111-pyrazole. 
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In the light of Jacquior's works, it would be of interest to rein.-
vestigate earlier rearrangements in order to ascertain that the correct 
structures have been assigned to the products. 	It would appear, however, 
.. 	46 that the main reason why van Alphen 45 and Mittel did not isolate compounds 
to which they assigned the structures of 4H—pyrazoles, was that they happened 
to study compounds which rearrange to lil—pyrazoles. 
r ,) 
Durr and co—workers 	54 have recently carried out a series of 
rearrangements of spiro-3H—pyrazoles. 	1,3—Dipolar cycloacidition of diazo— 
cyclopentadienes to alkynes at room temperature led to the isolation of 
spiro-3H—pyrazoles (so), azaindolizines (51), 3a.iI—indazoles (52) and 1H—inda— 
zoles (53, Scheme 1.1.). 	Under these mild conditions, Dirr was able to 
isolate a 3aH—indazole with R1 = ester. 	Under more vigorous conditions, 
C' 
C%t] 	 CI 
)7N2 + R02C-CEC--0O2p —> 
ci 	 ci  
such an ester group decarboxylates, and the compound rearranges to the 












R1 COOMe R2:COMe 
Grigg and co—workers 55 have shown that 3,4,4,5—tetramethylpyrazole (54) 
0 




Thus, in recent years it has become apparent that 411—pyrazoles with 
no hydrogen on C4 are more stable, relative to 1H—pyrazoles than had 
previously been thought. The rearrangement reactions of 311—pyrazoles may 
well all go via or to the 411—pyrazoles, and the early work which claims to 
involve the migration of an aryl group on C3 to nitrogen45'6 needs to be 
reinvestigated to determine if the assigned structures are correct. 
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SYMBOLS AND ABBhNVIATIONS 
The symbols used in this Thesis are those in common usage. 	In 
addition, the following symbols are used: 
R 
	 ratio of distance moved by the substance to distance moved 
by the solvent front. 
h. s. 1 .c. 	high—speed liquid chromatography. 
g.l.c.—m.s. 	gas liquid chromatography coupled to high resolution mass 
spectrometry. 
DME 	 1 ,2—dimethoxyethane. 
d 	 decomposition. 
bs 	 broad singlet. 
INSTRUMENTATION AND TECJIRIUES 
Gas Liquid Chromatogrophy. 
Analytical investigations were carried out on either a }e Series 
104 chromatograph, using 4 mm internal diameter packed columns of length 
1.5 m, or a Perkin-Elmer P.11 chromatograph, using 2.2 mm x 2 m packed 
columns. 	Both chrornatogra.phs used a flame ionisation detector and nitrogen 
carrier gas. 	The following stationary phases, supported on 100.-200 mesh 
celite were employed: neopentyiglycol su.ccinate (NPGS), silicone elastomer 
(SE 30), carbowax, silicone oil (oV i) and Apiezon grease (APL). 
High-Speed Liquid Chromatography. 
A Cecil Instruments CE 212 ultraviolet detector was used, operating 
with a constant pressure pump by Applied Research Laboratories. A steel 
column, 3 mm x 50 cm, and a glass column, 5 mm x 15 cm were used, both 
packed with Phasesep Spherisorb alumina of particle diameter 201 m. 
Column Chromatography. 
Alumina was Spence and Sons, Grade II, 100-200 mesh (Brociciiann 
activity = I). For dry column chromatography, 56 thisalumina was treated 
with 6% water to reduce the Brockmann activity to III. Nylon tubing was 
supplied by Walter Coles and Co. Ltd., London. 
Thin Layer Chromatography. 
Chromatograms were obtained on 0.33 mm or 1.0 mm (preparative) 
layers of alumina (Merck, Aluminium oxide G) or silica gel (Merck, Kieselgel 
G). Components in the developed chromatogram were detected by their 
fluorescence in ultraviolet light, or by their reaction with iodine. 
Nuclear Magnetic Resonance Spoctroscopy. 
Proton magnetic resonance spectra were run on a Perkin-Elmer model 
R 10, operated by Mr. T.W. Naisby, or a Varian EM 360 spectrometer, operat- 
ing at a frequency of 60 M1Iz. 	In addition, a Varian HA 100 spectrometer, 
operated by Mrs. M.N. Groves and Mr. J.R.A. Miller, was used for decoupling 
experiments and when high resolution was required. 	13c Magnetic resonance 
spectra were obtained using a Varian XL 100 spectrometer, operated by Mr. 
A.S.P. Boyd. 	Chemical shifts in proton spectra were recorded as tau (t) 
values, and in 3C spectra, as parts per million (p.p.m.), tetraxnethyl-
silane being the internal reference. 
Mass Spectrometry. 
Mass spectra were obtained using an Associated Electrical Industries 
MS 902 spectrometer, operated by Mr. D.J.A. Thomas, or using an Associated 
Electrical Industries MS 20 spectrometer coupled to a Pye Series 104 gas 
chromatograph. 	In the latter case, the carrier gas was helium and the 
flow rate was 40 ml/min. 
Infrared Spectroscp. 
Liquid samples were examined as thin films and solid samples as 
nujol mulls, both on polished sodium chloride plates, using Perkin-Elmer 
337 and 157G grating spectrometers. 
Ultraviolet Spectroscopy. 
A matched pair of 1 cm silica cells were used in either a Perkin-
Elmer 137 or a Unlearn SP 800 spectrophotometer. 
Melting Points. 
The melting points of all new compounds were obtained with the sample 
in a capillary tube. 
Elemental Analysis. 
Microanalyses were carried out by Mr. J. Grunbauni using a Perkin—
Elmer model 240 analyser, or by the National Physical Laboratory. 
Anhydrous magnesium sulphate was used to dry all organic solutions, 
unless otherwise stated. 
Distillation. 
Mixtures of isomeric ketones with similar boiling points were 
separated by use of a Fischer Spaltrohr System 1S 200 distillation 
apparatus. 
Purification of Reagents and Solvents. 
"Super—dry" ethanol was prepared as described by Vogel 57 (method 1). 
1 ,2—Dimethoxyethane and cyclohoxane were dried over sodium wire and then 
stored over calcium hydride under nitrogen. The solvents were freshly 
distilled from the calcium hydride as required. 
Tri—n—butylphophine was dried over magnesium sulphate, and then distilled 
under dry nitrogen, and the fraction b.p. 1300/20 mm retained and stored 
under dry nitrogen at —20
0 . 
Petroleum refers to the fraction b.p. 40-60°unless otherwise stated. 
PflEPARATION OF STARTING MATERIALS 
Açpyl chloride. 58 	Adipic acid (112.7 g, 0.77 mol) was added to a 
flask containing thionyl chloride (270 ml, 4 mol) in benzene (300 ml). 
The mixture was heated under reflax for 12 h, then the benzene was 
evaporated under reduced pressure and the residue was distilled to give 
adipyl chloride (144 g, 100%),  b.p. 120-1240/15 mm Hg. 
1 4Dibenzoylbutane (390/,), m.p. 1041070 (lit., 58 104-1070) was prepared 
by the riedel—Crafts acylation of benzene with adipyl chloride,58  
i.r. 1675 cm 	(C = 0). 
jaeicyc1opentene (56%), b.p. 52-640/0.2 mm Hg (lit., 59 7274°/ 
1.5 mm Hg) was prepared by the reaction of phenyl magnesium bromide 
with cyclopentanone.59 	1UN.m.r. (CCl4):'2.4-3.0 (m,5H), 3.9 (m,1H), 
7.2-7.6 (m,411), 7.9-8.2 (m,2H). 
1_p_Tolylcyclopentene (40%),  b.p. 66-74°/O.4 mm Jig (lit., 	91-100 
0/ 
2.5 mm Hg) was prepared in collaboration with Mr. T.W. Naisby by the 
reaction of —tolyl magnesium bromide with cyclopentanone. 59  
(CC14):2.82 (d,J 8Hz,211), 3.06 (d,J 811z,2H), 4.02 (m,1H), 
7.3-7.6 (m,4H), 7.73 (s,CH3), 7.8-8.2 (m,2H). 
1—p—Fluorophenylcyciopentene (49%), b.p. 128-1360/16 mm hg (lit., 60 
2300/760 mm Hg) was prepared in collaboration with Mr. T.W. Naisby by 
the reaction of —fluorophenyl magnesium bromide with cyclopentanone.59  
1—Phenylcyclohexene (74%), b.p. 69_720/0.3 mm IT (lit., 59  71 0/0.6 mm Hg) 
was prepared by the reaction of phenyl magnesium bromide with cyclo— 
hoxanone. 59  
I=Lienylindene 6%), b.p. 1224260/0.7 mm Hg (lit., 61 200-201 0/29 mm Hg) 
was prepared in collaboration with Mr. T.W. Naisby by the reaction of 
phenyl magnesium bromide with inclan-1-one.59  
4-Carbetho.çy__3-me-thyicyclohex_2.cnone (40%), b.p. 124-1500/11 mm Hg 
(lit., 62 142-1440/15 mm Hg) was prepared by the condensation of para- 
formaldehyde with two moles of acetoacetic ester. 62 	I.r. 1730 (C = 0, 
ester), 1675 (C = 0), 1630 cm 	(C = C). 	1ITN.m.r. (CDC13):'t 4.06 (s,111), 
5.81 (q,J 7Hz,211), 6.74 (m,1H), 7.3-8.0 (m,'llI), 7.98 (s,C113), 8.73 
(-b,J 7Hz,311). 
lbromoethme (531/-b), b.p. 40-50°/3.5 mm Hg (lit., 63 40-410/0.1 Iflin }J) 
was prepared by Mr. K.A. Wall, 64  by the reaction of bromine with freshly 
distilled phenylacetylene. 63  
Triphenyl(phenylethvnjyphosphonium bromide (100%), m.p. 118_1250  was 
prepared by Mr. K.A. Wall. 64 Iriphenyiphosphine was reacted with 
phenylbromoethy-ne65 in tetrahydrofuran which had been purified by passing 
down an activated alumina column. 
2-Ethoxycarbonvicyclohexanone (44%), b.p. 72/0.4 mm Hg (lit., 40 
94-96°/7 mm Hg) was prepared in collaboration with Mr. T.W. Naisby by 
the reaction of diethyl oxalate and cyclohoxanone in the presence of 
base. 
40 
 The product was distilled on a Nester-Faust spinning-band 
apparatus. 
--. 	 0 
2-Mliylcnedioxyethoxycarbonyicyclohexane (61), b.p. 131-132 /9 mm Hg 
(lit., 40 126_1270/8 mm Hg) was prepared in collaboration with Mr. T.IV. 
Naisby by the condensation of 2-.ethoxycarbonyieyc1o1exanone and ethylene 
glycol. 40 
141orpholinocyclohexone (85%), h.p. 119-121°/li mm Hg (lit., 66 
118-1200/1 mm Hg) was prepared in collaboration with Mr. T.W. Naisby 
by the condensation of morpholine and cyclohexanone.66  
2—Acetylcyelohexanorie (37%), h.p. 96-980/1 ram Hg (lit.,67 103-106°! 
10 mm Hg) was prepared in collaboration with Mr. T.W. Naisby by the 
acetylation of 1—morpllolinocyclohexene.67  
Mixture of 4. 
	
	j—Tetra1vdro_3_methyi4 —he1 inclazole and45Z_ 
This mixture was prepared by an 
adaptation of the methods ofEistert and Wessendorf,67  and Jacquier and 
68  Maury. 	Phenyihydrazine (0.5 g, 4.6 mrnol) was dissolved in ethanol 
(7 ml) and concentrated sulphuric acid (1 ml) was added to the solution. 
2—Acetylcyclohexanone (0.6 g, 4.3 m moles) was then added and the solu—
tion was heated until it boiled and then cooled immediately. Examina—
tion of the solution by t.J.c. (silica/benzene) showed no residual 
diketone. The solution was then neutralised with dilute sodium hydroxide 
solution, and the organic material was extracted with ether. The 
solvent was removed to leave a brown oil (872 mg, 100%). A sample was 
purified by dry column chromatography (alumina/methylene chloride) 
(Found: C, 79.4; H, 7.8; N, 13.0. 	C14H16N2 requires C, 79.2; 
H, 7.6; N, 13.2%). 	11T.rn.r. and 13C n.m.r. spectra: see Appendix. 
Mass spectrum: rn/c 212 (100), 184 (38). 	(Found: 212.130671, 184.099656. 
C14H 16N 
2 	 12 1 2 
requires 212.131342. 	C H ,N requires 184.100043. -  
PREPARATION OF c< e —UNSATURATED- CARBONYL 
COMPOUNDS, AND THEIR TOSYJ[TYDI?AZONES 
General Method of Preparation of the Tosyihydrazones. 
Unless otherwise stated, the tosylhydrazones were prepared by 
the following method. 
A solution of tosylhydrazide dissolved in the minimum quantity 
of ethanol was added to an equimolar quantity of the ketone (or a solution 
of the ketone in the minimum quantity of ethanol in the case of solid ketones) 
at 50 
0 	
The solution was allowed to stand at room temperature until the 
condensation was complete. 	On occasions, concentrated hydrochloric acid 
(1 or 2 drops) was added as a catalyst. 	If the mixture was left for more 
than an hour (some were left for three weeks), the reaction was left in the 
dark. The precipitated tosylhydrazone was then filtered off, washed with 
dry ether, dried and weighed. The tosyihydrazone was reacted in this state 
unless otherwise stated, and a small sample was recrystallised for elemental 
analysis and melting point determination. 
1. 1—Benzoyl-2—phenylcyclopentene.69 1,4-1)ibenzoylbutane (51.7 g, 0.19 mol) 
and potassium hydroxide (36.2 g, 0.65 moll/ were heated under ref lux in 
ethanol (250 ml) for 48 h. The ethanol was then evaporated under 
reduced pressure and the residue was neutralised with dilute sulphuric 
acid. The product was extracted with ether, washed with water, dried, 
filtered and the solvent evaporated under reduced pressure. The residue 
was distilled to give a clear red oil (33.0 g) b.p. 144-1560/11 mm Hg 
which contained a mixture of 1—benzoyl.2—phenylcyclopentene and 
3—benzoyl-2—phenylcyclopentene. Some of the latter was removed from 
the mixture by crystallisation from a mixture of petroleum and ether. 
The mixture was then separated by dry-  column chromatography (alumina/ 
benzene) to give 1—benzoyl-2—phenylcyclopenteie as a waxy solid (5.9 g, 
13%). 1Ill.m.r. (CC14):2.2_3,1 	(m,101-1), 	6.9-7.2 (m,51i), 	7.93 (quintet, 
J 811z,211). 	I.r. (nujol): 1650 (C = o), 1601, 1582, 1495, 1448, 1176, 
1072, 692 cm
-1 
 , identical with reported spectrum. 69  
The tosylhydi'azone (56%) was recrystallised from a mixture of 
ethanol (2 parts) and benzene (1 part) to give white crystals m.p. 
145-148(d). (Found: C, 	72.0; II, 5.9; N, 	6.7. C25H24N2S02 requires 
C, 	72.1; 	H, 5.8; 	N, 6.75). I.r. and 111n.m.r. spectra: 	see Appendix. 
2. 1—Acetyl.-2_methvJ.cyc1opentene,7 71 	Sodium (46 g, 2 mol) was dissolved 
in ethanol (650 ml) and the resulting solution was cooled to room temp-. 
erature. 	Ethyl acetoacetate (260 g, 2 mol) was slowly added, followed 
by 1,2—dibrornoethane (190 g, 1 mol); in both cases the rate being such 
that the temperature did not rise above 350• 	The solution was then 
heated under reflux for 5 h, after which the ethanol was evaporated 
under reduced pressure. 	Sufficient water was added to dissolve the 
sodium bromide and the product was extracted with ether. The ether 
was then evaporated under reduced pressure to leave a brown oil (240 g). 
The major impurities in this oil were removed by steam distillation and 
discarded. 	The residue was extracted with ether, washed with dilute 
sodium carbonate solution, dried over anhydrous potassium carbonate, 
filtered and the ether evaporated under reduced pressure to leave crude 
ethyl diacetyl adipate (61 g) as a brown oil. 	10% Sulphuric acid 
(450 ml) was added to this oil and the mixture was heated under ref lux 
for 48 h. 	1—Acetyl-2—rnethylcyclopentene was steam distilled. 	The 
distillate was saturated with ammoniurn sulphate, and the ketone extracted 
with ether, dried and the solvent evaporated under reduced pressure. 
The residue was distilled to give 1—acetyl-2—rnethylcyciopentene 
(13.23 g, 11%), b.p. 69740/11 mm Hg (lit,,71 189°/760 mm hg). 	I.r.72  
1679 (C = O,s—cis), 1657 (C = 0,s-trans), 1615 cm-1 (C 	C). 	1FIN.m,r. 
(Cci ):T7.2.77 (th,411), 7,88 (s,CH3), 7.97 (s,C113), 8.0-8.3 (m,211). 
The tosyihydrazone (60%) was  recrystaiiised from ethanol to give 
white crystals m.p. 122-123 (d). 	(Found: C,61.8; H, 6.6; N, 9.7, 
C15H20N2802 requires C, 61.6; Fl, 6.9; N, 9.6%). 	I.r. and 1 Hn.m.r, 
spectra: see Appendix. 
3. 1-coi-2phenyicvc1opentene was prepared by an adaptation of the method 
of Groves and Jones. 73 Acetic anhydride (60.3 g, 0.592 mol) and 
l-phenylcyclopentene (80 g, 0.555 inol) were dissolved in carbon disul- 
phide (250 ml). 	While the solution was stirred at 00, zinc chloride 
(80.7 g, 0.592 mol) was slowly added. 	The reaction was monitored by 
g.l.c. (2-% OV 1/1660). 	After 24 h, when no more ketone was being 
formed, the mixture was poured into a mixture of ice and water. 	The 
product was extracted with ether, washed with water, dilute potassium 
bicarbonate solution, water again,and was then dried and filtered. 	The 
solvent was removed under reduced pressure to leave a red-brown oil 
(106.2 g), which was distilled to give 3_acetyl_2_phenyicyclopentene74  
(31.8 g, 31%) b.p. 83-1020/0.06 mm Hg. 	This was shown to be pure by 
g.l.c. (2% NlS/1700). 	I.r. 1710 cm-1 (c = 0). 	1HN.m.r. (CDC13): 
't 2.6-2,9 (m,5H), 3.7 (m,111), 6.2 (m,11), 7.3-8.0 (m,41-1), 8.1 (s,C113). 
G.l,c.-m,s. (2-% 0"T 1/166°), M+ 186. 
The 3-acetyl-2-phenylcyciopentene (31.8g) was dissolved in 
methanol (250 ml), and the solution was added to a solution of potassium 
hydroxide (15 g) in methanol (250 ml). 	The reaction was monitored by 
g.l.c. (2% NISJ 170°) while it stood at room temperature for 24 h. 
After this time, the reactant had come to equilibrium with 1-acetyi-2_ 
phenyicyclopentene, the amounts of the two isomers being approximately 
30. 
equal. 	The solution was then poured into water (600 nil) and the 
product was extracted with ether, washed with water, dried and filtered. 
The solvent was evaporated under reduced pressure to leave a yellow oil 
(24.0 g), which was distilled on a Fischer Spaltrohr System distillation 
apparatus to give 1-acetyl-2-phenylcyclopentene74 as required. This 
ketone was the more volatile of the two and was shown to be pure by 
g.l.c. 	I.r. 1620-1680 cm 	(C = 0 and C = C). 	1}IN.m.r. (CDC13): 
'(2.6-2.9 (m,51I), 7.0-7.3 Cm, 410, 7.9-8.3 (m,211), 8.1 (s,CH3). 
The -tosylhydrazone (56%)  was made by the general method, except 
that the reaction mixture was heated under ref lux for 10 min.to complete 
the condensation. 	Recrystallisation from ethanol gave white crystals 
m.p. 135-1360 W. (Found: C, 67.6; H, 6.0; N, 8.1. 	C201122N2S02  
-. 	 1 requires C, 67.8; H, 6.3; N, 7.9%). I.r. and 11n.m.r. spectra: see 
Appendix. 
4. 1-Acetyl-2-p- 	opentene was prepared by virtually the same method 
as the unsubstituted ketone (Ex. 3). Acetic anhydride and l-toiyl-
cyclopentene gave 3-acetyl-2-.-tolylcyclopentene (421 ) b.p. 103-118 0/ 
0.2 mm Hg. 1 HN.m.r. (CDCl3):2.5_3.2 (m,411), 3.7 (m,111), 6.9-7.2 (m,1ii), 
7.1-8.4 (rn,411), 7.71 (s,C113), 8.02 (s,C113). 	Basic isomerisation of 
this ketone, followed by wet column chromatography (alumina/petrol) of 
the crude product gave a mixture of the two ketones (20%). Distilla-
tion using the Fischer Spaltrohr System gave 1-acetyl-2--tolvlcyclo_ 
pentene (6%). 	(Found: m/e 200.119446. 	C14H160 requires 200.120109). 
I.r. 1660 cm 	(C = 0). 111n.m.r. (CDCI3): 2.85 (s,4H), 7.0-7.4 (m,4H), 
7.63 (s,CH3), 7.8-8.2 (m,2H), 8.06 (s,CH3). 
The tosyihydrazone (655) was recrystallisod from ethanol 
m.p. 143-1440 (d). 	(Found: C, 68.3; H, 6.4; N, 7.7. 	C 11 H SO 21 24 2 2 
requires C, 68.5, H, . , 6 6 	N, 7.6%). 	I.r. and 111n.m.r. spectra: see 
Appendix. 
1--Acetyl-2— p—fluorohenJ.ycycJoientenewas prepared in collaboration 
with Mr. T.W. Naishy, using the same method as for the unsubstituted 
ketone (Ex. 3). Acetic anhydride and l—pfluorophenylcyclopentene 
gave 3—ac etyl-2—f luorophenvicyc lopentene (55%) b . p • 99-1070/0.6 mm Hg. 
111N.rn.r. (CBCl3): 2.5-3.3 (m,41I), 3.7 (m,11), 5.9-6.2 (rn,111), 7.2-8.3 
(m,411), 7.98 (s,CH3). 	Basic isomerisation of this ketone gave the 
usual mixture of both ketones (55%) which was distilled on the Fischer 
Spaltrohr System to give pure 1_acety1_2__fluorophenyicyclopontene as 
required. 	(Found: C, 76.4; II, 6.4. 	rn/c 204.094005. 	C1311130F 
requires C, 76.5; II, 6.4%. 204.095037). 	I.r. 1660 cm—  (C = U). 
11.m.r. (CDCl3): 2.7-3.2 (rn,411), 7.0-7.3 (rn,H), 7.6-8.5 (rn,2H), 8.04 
(s ,0H3). 
The tosylhydrazono (82%) was rocxystaliised from ethanol 
m.p. 143-1450 (d). 	(Found: C, 64.8; H. 6.0; N, 7.8. 	C201121FN2S02  
requires C, 64.5; 11, 5.7; N, 7.5%). 	I.r. and 1Hn.m.r, spectra: see 
Appendix. 
2—Phenylcycloponten-1_al. This was prepared by an adaption of the 
method of Schmidle and Barnett. 75 	Dirnethylformamide (40 g, 0.55 mol) 
and phosphorus oxychloride (84.5 g, 0.55 mol) were dissolved in 1,2— 
dichloroethane (150 ml). 	The solution was stirred at 50 while 1—phenyl— 
cyclopentene (72 g, 0.5 mol) was slowly added. 	The solution was then 
heated under reflux for 15 mm, then cooled and a solution of sodium 
acetate (278 g, 2.75 mol) in water (600 ml) was added. 	The resulting 
solution was heated under ref lux for 15 mm, cooled and the product was 
extracted with ether, washed with water, dried, filtered and the solvent 
was evaporated under reduced pressure to leave a brown oil (100 g). 
This oil was purified by wet column chromatography (alumina/petrol, 
ether) to give 2—phenylcyclopenten-1al (16.2 g, 19%). 	(Found: 
C, $3.6; H, 7.3. 	C12H120 requires C, 83.7; II, 7.005). 	I.r, 1630— 
40. 
1680 cm 1 (C = 0 and C = C). 	1I1 N.ni.. (CDC13):0.2 (s111), 2.65 
(s,511), 6.8-8.2 (m,GH). 
6a. 	2-Phenylcyjpenten-1-al tosylhydraz one. 	2Phenylcyclopenten-i-al 
(12.0 g, 0.07 mol) was dissolved in ether (400 ml). 	Tosyihydrazide 
(13.0 g, 0.07 mol) was then added and the resulting mixture was shaken 
to dissolve as much of the solid as possible. 	The reaction was monitored 
by t.l.c. (alumina/methylene chloride), while the mixture was kept at, 
or below, room temperature. After 3 days no aldehyde was left and the 
solvent was partially evaporated under reduced pressure until 100 ml of 
reaction mixture remained. 	A yellow precipitate was then filtered off 
(18.8 g). 	This material was recrystallised from a mixture of petrol 
and ether to give white crystals of 2-phenylcyclopenten_1_al tosylhydra_ 
zone 	(14.57 g, 	61). m.p. 	110-111 0 (d). (Pound: C, 	67.2; II, 	6.1; 
N, 8.2. 	C19H20N2S02  requires C, 67.1; 	H, 5.9; 	N, 8.2). I.r. and 
1Hn.m.r. spectra: see Appendix. 
7. 1-Acetyl-2-j7heny1cyclohexene76 was prepared by virtually the same method 
as that used for 1-acetyl-2-phenylcyclopentene (Ex. 3), except that 
excess acetic anhydride was used as the solvent in place of carbon 
disulphide. 	1-Phenylcyclohexene (0.15 mol) and acetic anhydride 
(0.375 mol) gave a crude product, which was purified by dry column 
chromatography (alumina/petrol) to give 3-ac etyl_2pheny1cyc 1 ohexene 
(86%).77 	I.r. 1710 cm 	(C = 0). 	15N.m.r. (CDC13): 2.78 (s,5H), 
3.77 (m,111), 6.25 (m,11I), 7.5-8.7 (m,GH), 8.03 (s,C113). 	Basic isomer- 
isation gave the usual mixture of ketones (74) which was distilled by 
means of the Fischer Spaltrohr System to give 1-acetyl-2phenylcyclo- 
hexene as required. 	(Found: 0,84.0; Ii, 8.3. 	C14H160 requires 
C, 84.0; II, 8.1%). 	I.r. 1665 cm 	(c 	0). 	1J.m.r. (CDC13):' 
2.6-2.9 (m,511), 7.4-7.9 (m,41{), 8.0-8.4 (m,211), 8.33 (s,CH3). 
The tosylhydrazone (80%) was recrystallised from ethanol. 
M.P. 145-1460 (d). 	(Found: C, 68.5; II, 6.6; N, 7.7. 	C211124N2S00 
requires C, 68.5; II, 6.6; N, 7.6%). 	I.r. and 111n.rn.r. spectra: see 
Appendix. 
8. 2-Acetyl-3-phenylinclene. 	This was prepared in collaboration with Mr. 
T.W. Naisby. 	Acetic anhydride (26.5 g, 0.26 mol) and 3-phenylindene 
(46.5 g, 0.24 mol) were dissolved in carbon disulphide (200 ml) and the 
solution was cooled to -10°. 	Zinc chloride (35.5 g, 0.26 mol) was 
added and the mixture was then stirred at room temperature for 15 h, 
while the reaction was monitored by g.l.c. (2% NPGS/2100). 	The reaction 
was then poured into water (500 ml), the product was extracted with 
ether, washed with water, dilute potassium bicarbonate solution and 
water again. After drying, the solvent was evaporated, under reduced 
pressure to leave crude product (56.5 g) which was crystallised from 
petrol to give 2-acetyl-3-phenylindene (28.0 g, 511"C") M.P. 74-74.50 . 
(Found: C, 87.4; H, 6.3. 	C17H140 requires C, 87.2; H, 6.(Y). 
I.r. (n.ujol) 1645 cm 	(C = 0). 	1IH.m.r. (CDC13):T2.4_3.1 (m,9H), 
6.17 (s,C112), 8.01 (sJ'J3). 
The tosyihydrazone (85%) was recrystallised from ethanol M.P. 
204-2070 (d). 	(Found: C, 72.0; H, 5.7; N, 7.2. 	C941122N2S02  
requires C, 71.6; H, 5.5; N,7.0%). 	I.r. and 111n.m.r. spectra: see 
Appendix. 
9. 2,3-Dimethylcyclohex_2erjone.62 This was prepared by an adaption of 
the method of Smith and Rouault.62 4-Carbethoxy-3-methylcyclohex_2_ 
enone (69 g, 0.38 mol) was dissolved in a solution of sodium (9.9 g, 
0.43 mol) in rerectified. ethanol (160 ml). 	The resulting red solution 
was stirred at room temperature while methyl iodide (54 g, 0.38 mol) 
was added and the reaction was then stirred for 20 Ii, and finally heated. 
under ref lux for 2.5 h. 	Most of the ethanol (130 ml) was then evapor- 
ated under reduced. pressure and the residue was diluted with water 
(220 ml). 	The product was extracted with ether, washed with water and 
the solvent evaporated under reduced pressure to leave crude 4-carbethoxy- 
2,3-climethylcyclohex-2-enone (74.4 g). 	I.r. 1669 (C = 0, conjugated), 
1732 cm7 (C = 0, ester). 
This ester (74.4 g) was dissolved in a solution of potassium 
hydroxide (18.3 g) in ethanol (210 ml). 	The resulting solution was 
heated under ref lux for 8 Ii, and the solvent was then evaporated under 
reduced pressure. 	The residue was poured into water (350 ml) and the 
product was extracted with ether, washed with water, dried and the 
solvent was evaporated under reduced pressure to leave a red-brown oil 
(63.1 g), which was distilled to give 2,3-dimethylcyclohex-2-enone 
(17.6 g, 37%) b.p. 85-900/15 nn hg (lit. ,62 80-840/9 nn Hg). 	I.r. 78  
1660 (C = 0), 1635 cm 	(C = C). 	111N.m.r. (CDCl3)(7.64 (m,1I1), 8.07 
(s,C113), 8.05 (rn,211), 8.23 (s,CH3). 
The tosylbydrazone (76%)  was recrystallised from a mixture of 
methanol (1 part) and ethanol (i part). m.p. 147-1480  (d). 	(Found: 
C, 61.9; hI, 6.9; N, 9.8. 	C151120N2S02 requires C, 61.6; H, 6.9; 
N, 9.6%). 	I.r. and 1 Hn.m.r. spectra: see Appendix. 
10. 	2-(cis-Methvl-t ran s -phenyl methvlene)cyclohexan one. 79 This was prepared 
by K.A. Wall, 64 using an adaption of the method of Hoffmann and Forster. 
Triphenyl(phenyletiiynyl)phosphonium bromide (30 g, 68 m mol), and 
1-morpholinocyclohexene (15 g, 90 m mol) were heated under reflux for 
24 h in freshly distilled acotonitrile (300 ml). 	The reaction was 
monitored by t.l.c. (alumina/ethanol) until no starting material remained. 
The solvent was -then evaporated under reduced pressure to leave a brown 
4.3. 
44. 
oil. 	A solution of 8odium hydroxide (60 g) in sater (300 ml) was added 
to this oil and the mixture was heated under reflux in an atmosphere of 
nitrogen for 2 days. 	The product was then extracted with ether and the 
ether was evaporated under reduced pressure. 	Dilute hydrochloric acid 
(300 ml) was added to the residue and the mixture was stirred at room 
temperature for 18 h. 	The product was extracted with other, dried 
and the solvent was evaporated under reduced pressure. 	The crude 
product was distilled to give 2—(cis—methyl_trmms_phenylrnethylene)cyc1o. 
hexanone (6.5 g, 48). b.p. 1300/ 2 mm Hg (lit.,79 1590/11 mm Hg). 
I.r. 1690 cm 	(C = 0). 	1FH.rn.r. (CDC13):2.53.1 (m,511), 7.3-8.5 
(m,811), 7.82 (s,CH3). 
The tosyihydrazone (627) was prepared by Mr. K.A. Wall, 64 using 
the general method. A sample of the product was recrystallised from 
ethanol. m.p. 136-140°. 	(Found: C, 68.2; II, 6.5; N, 7.5, 
C21H24N2S02 requires C, 68.5; H, 6.6; N, 7.6). 	I. r. and 111n.m.r. 
spectra: see Appendix. 
11. 2—(Di_p-tolylmethylene)cyclohexanorie. 	This was prepared in collabora— 
tion with Mr. T.W. Naisby, using an adaption of the method of Thorogood.40 
Magnesium (5.6 g, 0.23 mol) and other (40 ml) were stirred under nitrogen 
at room temperature. A crystal of iodine was added and a portion of a 
solution of £_bromotoluene (32 g, 0.19 inol) in ether (120 ml) was run 
in. After the reaction had started, the remainder of the solution was 
slowly added, and the reaction was driven to completion by heating under 
reflux for 20 mm. The mixture was then cooled to 00  and a solution 
of 2—cthylonedioxyethoxycarbonylcvclohexane (20 g, 0.094 mol) in ether 
(30 ml) was added dropwise, with stirring. 	The reaction was stirred 
for 15 h, then heated under reflux for 1 h. 	After cooling, the complex 
was decomposed by the cautious addition of a solution of ammonium 
45, 
chloride (70 g) in water (350 ml). 	rTho product was extracted with 
ether, washed with water and the solvent was evaporated under reduced 
pressure to leave crude di-.toiyl(2_ethylenedioxycyclohel)methanol 
(24.7 g), a yellow oil which solidified on cooling. 	Hydrolysis and 
dehydration of this alcohol were carried out by heating it under reflux 
in a mixture of methanol (135 ml.), water (90 ml) and concentrated hydro- 
chloric acid (4 ml) for 4 h. 	Examination by g.l.c. (5 NlS/160
0
) 
then showed that nearly all the reactants had been used up. 	On cooling, 
a yellow solid separated and it was filtered off. A further crop of 
product was crystallised from ethanol and the combined material was 
recrystallised from ethanol to give yellow crystals of 2_(di_j_6olyl_ 
40  rnethylene)cyclobexanone (4.1 g, 16t) m.p. 139-141 0 (lit., 	149°). 
The tosylhydrazone (89) was recrystallised from ethanol. m.p. 
163-1640 (d) (lit., 
40 
 1590 (d)). 
PREPARATION AND DECOMPOSITION OF THE SODIUM 
SALTS OF THE TOSYLIIYIIIIAZONES, AND RELThI) REACTIONS. 
General Method of Preparation and Decomposition of the Tosyihydrazone 
Sodium Salts. 
The sodium salts were prepared by the addition of the tosyihydrazone 
to an equimolar quantity of sodium dissolved in super-dry ethanol, under dry 
nitrogen, in the dark. 	In most cases, a very slight excess of the tosyl- 
hydrazone (1-2) was used to ensure that no excess sodium was present to 
cause base-catalysed reactions. 	In some cases, the tosyihydrazone was 
added in solution, either in a minimum of dry ethanol, or in dry D. The 
mixture was stirred until all the tosyihydrazone had dissolved. 	In some 
cases, the sodium salt precipitated at this stage. 	The solvents were then 
evaporated under reduced pressure (0.1 mm or 10 mm Hg) and anhydrous condi- 
tions, always keeping the temperature below 350, 
	
The sodium salts were 
then dried under high vacuum for at least 12 h. The reaction solvent, 
usually cyclohexane or D, was then added and the mixture heated under 
ref lux under nitrogen in the dark. 	During the decompositions, small samples 
(0.1 ml) of the reaction mixture were withdrawn and plunged into either 
water or dilute hydrochloric acid in order to hydrolyse any residual sodium 
salt. Any tosyihydrazone so formed was extracted with ether, and its 
presence detected by t.l.c. comparison with an authentic sample. 	The 
reaction was continued until all the starting material had been consumed. 
The reactions were usually worked up by filtering off the precipitated 
sodium -toluenesulphinate and evaporating the filtrate to give the product. 
1. 	1_Benzoyl-2-phenyicyclopentenelhydrazone. 43 
a) Decomposition in Cvclohexane. 	The sodium salt of 1_benzoyl-2- 
phenylcyclopentenc tosyihydrazone (659 mg, 1.58 m mol) was heated 
46, 
47. 
under ref lux in cyclohexanc (25 mi) for 20 h. 	After 15 min the 
reaction was mauve, but this gradually faded to a cream colour. 
The usual work up gave a yellow solid, 1,2,3,4-tetrah.ydro-4..pheny1_ 
cyclopentab]inc1ene (348 mg, 95%). 	This material was sublimed 
under high vacuum to give white crystals. m.p. 57_580. 	(Found: 
C, 93.1; H, 6.7. 	C18H16 requires C, 93.1; H, 6.9%). 	11N.m.r. 
and mass spectra: see Appendix. 
Decomposition in Cyclohexane in the Presence of 1,1-Jjpienylethylene. 
A mixture of 1-bonzoyl.-2-phenylcyclopentene tosyihydrazone (1.36 g, 
3.26 m mol) sodium salt and 1,1-diphenylethylene (5.05 g, 28,0 in mol) 
in cyclohcxane (10 ml) was heated under ref lux for 20 ii, 	G.l,c, 
(1% SE 30/170-2500) and t.l.c. (alumina/petrol) showed that the only 
product was 1,2,3 ,4._tetrahydro_4_phenylcycloponta[b]indene. 
1ydrogenation of 1,2,3,4-Tetrahydro-4-phenvlcjenta h indene. 4.3 
10% Palladium on charcoal (97 mg), concentrated hydrochloric acid 
(2 drops) and 1 ,2 , 3 ,4_tetrahydro_4_p1ienylcyclopcnta[bmndene (147 ing, 
0.634 m mol) were added to ethanol (30 ml). 	The mixture was shaken 
in a Parr hydrogenator under a pressure of 4 atmospheres of hydrogen 
for 1 h. 	After this time, g.l.c. (2 	0VI/2000) showed that no 
reactant remained and that only one product had formed. 	G.l.c.-m.s. 
showed that this product had a molecular ion of 234. 	The catalyst 
was filtered off through a pad of celite and the ethanol was evapor-
ated under reduced pressure to leave 4-phenylcyclopenta[a]mndane 
(130 mg, 88%). 	1FIN.m.r. spectrum: see Appendix, identical with 
reported spectrum. 80 
2. 	1-Acetyl-2-met1iylcyclopen-Lene tosylhvdiazune. 43 
a) 	Decomposition in Cycloliexane. 	The sodium salt of 1-acetyl2_ 
inethylcyclopentene tosylhydrazone (1-087 g, 3.72 in mol) was heated 
48. 
under reflux in cycloliexane (10 ml) for 19h. 	During the decompo— 
sition, the mixture quickly became a deep violet colour which slowly 
Laded to yellow. 	After the usual work up, t.l.c. (alumina/ 
methylene chloride) and g.l.c. (1% SE 30) both indicated the forma—
tion of multiple products, which, from their Hf values, appeared to 
be hydrocarbons. 	This agreed with the results of Stanley. 43  
Decomposition in  Cyclohexane in the Presence of 1 11—Diyethylene. 
A mixture of 1—acetyl-2.-rnethylcyclopentene tosylhydrazone (3.17 g, 
10.85 m mol) sodium salt and 1,1—diphenylethylene (11.2 g, 62.3 
in mol) in cyclohexane (25 ml) was beated under ref lux for 20 h. 
The usual work up gave a yellow liquid (12.38 g) which was ShOwfl 
by g.l.c. (1% SE 30/130-1700) to contain 1,1—diphenylethylene and 
one other component. 	The liquid was then distilled under high 
vacuum to remove the 1,1—diphenylethylene and the residue was 
separated by dry column chromatography (alumina/ petrol) to give 
1 —methyl--2— (1 —methyl-2 , 2—(liphenylcyc lopropyl) cyc lopentene (1.33 g, 
44%). 	(Pound: C, 91.9; H, 8.1. 	nile 288.186006. 	C 22  11  24 
requires C, 91.6; H, 8.41/'L. 	ni/e 288.187792). 	111N.m.r. and mass 
spectra: see Appendix. 
Decomposition in Cyclohexene.43 The sodium salt of 1—acetyl-2—
methylcyclopentene tosyihydrazone (i.oi g, 3.45 m mol) was heated 
under reflax in freshly distilled cyclohexene (30 ml) for 19 h. 
The usual work up gave a yellow filtrate, which, on examination by 
t.l.c., showed multiple products. 	G.l.c. (1% SE 30/90-200°) also 
illustrated the presence of many products. 	G.l.c.— mass spectra 
were run on the largest of the peaks, but none of these spectra had 
molecular ions of 190 which would have indicated addition of the 
- 	
i i 	 43 carbene to cyciohexene. 	This result s n agreement with Stanley. 
d) !ogeIation of 1-.-1,lethyl.2_(1 
1rte2e. 	Ethanol (22 ml) containing 10% palladium on charcoal (60 mg) 
was shaken in an atmosphere of hydrogen to saturate the solvent with 
gas. 	1-Methyl-2-(l_methyl_2,2_diphenylcyclopropyi)cyclopentene (68 mg, 
0.235 m mol) in ethanol (2 ml) was then added, and. the mixture was 
hydrogenated at atmospheric pressure for 17 h. A total of 9.6 ml of 
hydrogen was consumed. G.l.c. (1% SE 30/160°) showed that the solution 
still contained about 5% of reactant es well as two major products and 
three minor ones. 	The reaction was driven to completion by hydrogena_ 
tion for 26 h at 4 atmospheres in a Parrhydrogenator, using additional 
10% palladium on charcoal (30 mg). G.l.c. indicated that no new pro-
ducts had been formed. The catalyst was removed by filtration through 
a colite pad and the solvent was evaporated under reduced pressure to 
leave a colourless oil (44 mg, 64%)  which could not be separated into 
its, components. (Found: ni/c 292.219005. 	C22H28 requires 292.219090). 
1 HN.m.r. and mass spectra: see Appendix. 
3. 	1 -Acetyl_2henylcyc1op(,ntene tosylhydrazone. 
a) 	Decomposition in 	)imethoxvethane. 	The sodium salt of 1-acetyl-2- 
phenylcvclopentene tosyihydrazone (2.89 g, 8.15 m mol) was heated under 
ref lux in DME (50 ml) for 9 h. 	The usual work up gave a brown oil 
which was shown by t.l.c. (alumina/petrol) to contain three components, 
at Rf 0.9, Rf 0.2 and Rf 0.1. 	These components were separated by dry 
column chromatography (alumina/petrol) to give 1,2,3,4-tetrahydro-4-
methylcyclopenta{bl indene (271 mg, 20%),  1 ,2,3 ,4-tetrahydro-4-methyl-
benzocJcyclopentaeJ_[1 ,2]_.diazepino (520 mg, 32%) and 4,5,6-trihydro- 
3_methyl_6a_phenylcyclopentac]pyrazole (740 mg, 6%). 	The indene 
was shown to be pure by g.l.c. (1% SE 30/1100) and t,l.c. (alumina/ 
petrol). 	I.r. (liquid) 1630 cm 	(C = C). (Found: rn/c 170.109216. 
49. 
C13H14 requires 170.109545). 1}IN.m.r. and mass spectra: see Appendix. 
The yellow diazepine oil was purified by wet column chromato— 
graphy (alumina/petrol, methylene chloride) and then by crystallisa— 
tion from petroleum/ether (10:1) rn.p. 	50-52°. (Found: C, 	78.5; 
H, 7.1; N, 14.0. 	rn/c 198.114706, 170.109384. 	C13H14N2 requires 
C, 78.8; II, 7.1; N, 14.1% 	rn/c 198.115693. 	C13H14 requires 
170.10941). U.v., Hn.m.r., 13 Cn.m,r. and mass spectra: see Appendix. 
The pyrazole was purified by dry column chromatography (alumina/ 
ether) to give a colourless oil. 	(Found: C, 78.8; H, 7.4; 
N, 13.9. 	rn/c 198.115902, 170.109384. 	C13H14N2 requires C, 78.9; 
H, 7.1; N, 14.11,0. 	rn/c 198.115693. 	C131114 requires 170.109545). 
U.v., 1Hn.m.r., 13Cn.m.r. and mass spectra: see Appendix. 
b) Decomposition in 128, Monitored by IJ.S.L.C. 	The sodium salt of 
1—acetyl-2—phenylcyclopentene tosylhydrazone 039 g, 3.93 m mol) 
was heated under ref lux in RE, (20 ml). At regular intervals a 
sample of the solution was removed by syringe and examined directly 
by h.s.l.c. (alumina/methylene chloride). 	The production of 
1 ,2 , 3 ,4—tetrahydro-4—methylbenzo cJ eye lopenta [e]— [i ,2]_ diazepine 
and 4,5 ,6—trihydro-3—methyl-6a—pheuvlcyclopenta [c] pyrazole was 
observed, using the ultraviolet detector at 258 nm (diazepine,E-
9290; pyrazoie,E 2360). 
Table 1. 
The Ratio of the Number of 1.1olos of DiazeDine to the Number 
of idoles of krrazo.le in Solution 
Time (h) 	 Diazepine / Pyrazole 
	
0.50 	 8/92 
1.50 	 8/92 
2.75 	 12/88 
5.00 	 20 / 80 
50. 
Decomposition in1hfi in the PresenceofTri_nutvphosj)Iijne. 
The sodium salt of 1—acetyl-2_phenylcyclopentene tosyihydrazone 
(1.60 g, 4.5 rn mol) and. tri—n—butylpliospliine (1 .82 g, 9.0 m mol) 
were heated under reflux in DINE (20 nil) for 9 ii. 	The usual work 
up gave a yellow—brown solution. 	iI.s.l.c. (aluniina/mcthylene 
chloride) showed the absence of the usual heterocyclic products. 
The reaction solvent was evaporated under reduced pressure and dry 
column chromatography (alumina/ether) of the resulting oil gave 
1—acetyl-2—phenylcyclopenteno hydrazonc (637 mg, 71%), which was 
recrys-tallised from a mixture of petrol, b.p. 60-80° (6 parts) and 
ethanol (1 part) to give cream coloured diamond shaped crystals. 
m.p. 102-1030. 	(Found: C, 77.8; H, 8.2; N, 13.9. 	C13f116N2  
requires C, 78.0; H, 8.1; N, 14.00j,',). 	I.r. (nujol): 3365 3280, 
3215 cm 1 (all N_Il). 	1J.m.r. (CDC13):2.8 (s,511), 4.8.9 
(bs,N112), 7.0-7,4 (m,411), 7.8-8.3 (m,21I), 8.48 (s,C113). 
Condensation of 1_Acetyl_2_2henylcvclopentene hydrazone with_Acetone. 
1—Acetyl-2_phenylcyclopentene hydrazone (62 mg) was dissolved in 
acetone (2 ml). 	The excess acetone was evaporated by boiling the 
solution at atmospheric pressure to leave the azine as a yellow oil. 
(Found.: m/e 240.160831. 	C16H20H2 requires 240.162641). 	1HN.m.r. 
(CDC13):'2.8 (s,511), 6.9-7.3 (m,411), 7.7-8.2 (m,2H), 8.00 (s,CH3), 
8.20 (s,C113), 8.36 (s,CH3). 	Iiass spectrum: m/e 240 (64), 239 (100), 
184 (21), 182 (29). 
Decomposition of 4, 5,6—Trihydro_3_methyl_6phenyclenta c1- 
pyrazole in DlE. 	The pyrazole (161 mg, 0.81 m mol) was heated under 
ref lux, in the dark, under nitrogen, in DIfl (20 ml). 	The colourless 
solution became yellow after a few minutes and the colour intensified 
as the reaction progressed. 	Examination by t.l.c. (alumina/toluene) 
during 23 h showed the disappearance of reactant and the appearance 
of 1,2,3 ,4—tetrahydro-4_methylc3,cThpen-ta[b] inclene and 1 ,2, 3 ,4—tetra— 
hydro-4—methylbenzo[c]cyclopenta [o]_ [1 , 2]— diazepine. 	The solution 
was cooled and the solvent was evaporated under reduced pressure to 
leave a yellow oil. 	111n.m.r. spectroscopy indicated that the ratio 
of indene to diazepine was approximately 2:1. 	H.s.l.c. (aluinina/ 
methylene chloride), using the ultraviolet detector at 258 nrn 
(indene, E. 6400; diazepine, E 9290) indicated indene (69) and 
diazepine (31) of the mixture. 	The products were separated by thy 
column chromatography (alumina/toluene) to give 1 ,2,3,4—tetrahydro-
4—methylcyclopenta[bindene (56 mg, 41) which was compared with an 
authentic sample using t.l.c. (alumina/toluene), g.l.c. (i SE 30/ 
116°) and i.r. spectroscopy, and 1 ,2,3,4—tetrahydro-4—mothylhenzo 
c]cyclopentae].[1,2]_ diazepine (50 mg, 31), which was compared 
with an authentic sample using t.l.c. (alumina/toluene), i.r. and 
u.v. spectroscopy. 	A brown oil (32 mg), washed off the dry column, 
had an Ef 0.0; this was not present before chromatography (t.l.c.). 
f) Decomposition 
pyrazole in D1E in the Presence of Tri—n—hutylphospbine. The pyra—
zole (225 mg, 1.14 m mol) and tri—n—butylphosphine (445 mg, 2.25 
m mol) were dissolved in D 	(5 ml), and the solutionas heated 
under ref lux in the dark under nitrogen. The reaction was monitored 
by h.s.l.c. (alumina/methylene chloride: n-.thexane, 1:11, which 
showed that no reactant remained after 4.25 h. 	H.s.l.c. also 
indicated that neither 1 92,3 ,4—tetrahydro_4_methylcyclopenta[b]_ 
indene nor 1 ,2, 3,4—tetrahydro-4—rnethylbenzo[c]cyclopentae]_ [1, 2J_ 
diazepine had been formed in the reaction. 	The mixture was cooled 
and the solvent evaporated under reduced pressure. Dry column 
chromatography (alumina/ether) of the residue, followed by crystal—
lisation from petrol gave 1—acetyl-2—phenylcyclopenteno hydrazone 
52. 
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(139 mg, 61). 	11114.m.r.: identical with previous sample. 
Attemnted Decomposition of 1 ,2,3,4_Tetrahydro_movlbonzoc1c.ro_ 
penjJL1,21__diazepine in DdE in the Presence of Tri—n-butyl- 
2h2jLA'iTjO. 	The diazepine (45 mg, 0.23 m mol) and tri—n—butyl— 
phosphine (91 mg, 0.45 in mol) were dissolved in D1W (1 ml) and the 
solution was heated under reflux in the dark under nitrogen for 9 h. 
The mixture was then cooled and water (1 drop) was added to ensure 
the hydrolysis of any adduct which had been formed. 	T.l.c. 
(alumina/benzene) showed that no 1—acetyl-2—phenylcyclopentone 
hydrazone had been formed. 	The diazepine (43 mg) was recovered, 
using wet column chromatography (alumina/petrol, methylene chloride). 
ntedDecomposition of 1, 2 3,4—Tetrahydro4metty1benzo [ci cyclo— 
enta1eJ_[1,2]_ciiazepinc in MIE. 	The diazepine (18.5 mg, 0.093 
m mol) was heated under reflux in D1fl (10 ml) in the dark under 
nitrogen for 9 h. Examination by t.l.c. (alumina/toluene) showed 
that no reaction had taken place. The solution was then cooled 
and sodium —toluenesulphinate (16.6 mg, 0.093 m mol) was added. 
The mixture was then heated under reflux, in the dark under nitrogen 
for a further 16 h. Examination by t.l.c. again showed that no 
reaction had taken place. 
1) 	Gas Phase lrroiysis of 1 ,2,3 ,Tetrahydro_4methylbenzo [c] cyclo— 
penta1e_[1,2_diapine. A vacuum pyrolysis furnace was heated 
to 4000 at a pressure of 0.1 Trim Hg. 	The inlet tube containing 
1,2, 3,4.-.totrahydro-4—nie-thylbenzo [cJ cyclopenta [eJ —[1 ,2]—diazepine 
(108 mg, 0.55 m mol) was slowly heated to 1000 in order to vaporise 
the reactant which then passed. through the furnace; the products 
being collected in a trap cooled by liquid nitrogen. After 24 h, 
no reactant was left and a pale yellow liquid (110 mg) had gathered 
in the trap. 	T.l.c. (alumina/petrol) indicated that this liquid 
54. 
contained no reactant, 	G,i,c. (% SE 30/890) showed the presence 
of 2 compounds, with peak areas in the ratio of 2:1. 	The more 
abundant material had a retention time equal to that of 1,2,3,4— 
tetrahydro_4_methy1cyciopenta[bindene 	G.lc,— M.S. (55) Carbowax/ 
1500 ) indicated that both components had identical mass spectra to 
the above indene. Dry column chromatography (alumina/petrol) of 
the crude product gave a mixture of l,2,3,4—tetrahydro-4—rnethyl_ 
cyclopenta[b indene and 1 ,2 , 3, Sb_tetrahydro_4_methylcyc1openta[a_ 
indene (66 mg, 71%). 	1JhN.rn.r. (CDC13):T2,6.3.1 (mn,411), 6.3-7.0 
rn,111), 7.2-7.9 (m,611), 8.00 bs,1/3C1-13), 8.72 (d,J 711z,2/3C113). 
j) 	Hydrogenation of 1 ,2,3,4_Tetrahydro..4rnethyicyc]open.[b1indene 
10% Palladium on charcoal (93 mg) and i,2,3,4—tetrahydro-4—rnethyl—
cyclopenta[biridene (141 mg, 0.83 m mol) were added to ethanol 
(30 ml) and the mixture was shaken in a Parr hydrogenator under a 
pressure of 4 atmospheres for 50 mm. 	G.l,c. and g.l.c.— M.S. 
0% SE 30/1100 ) indicated that all the reactant had been consumed 
and two isomeric products (ratio 8:1) had been formed. 	The catalyst 
was removed by filtration through celite and the solvent was evapor—
ated under reduced pressure to leave a colourless oil (78 mg, 55%) 
which was distilled under high vacuum to give 4—rnethylcyclopenta 
a1mndane (57 mg, 41%). 	(Found: rn/c 172.125083. 	C13H16 requires 
172.125194). 	1BN.rn.r. spectrum: see Appendix. 
4. 	1 -.Acetyl_2_p_tolylcyclopentene tosvlhydrazone. 
a) Decomposition in RE. 	The sodium salt of 1—acetyl-2——tolylcvclo.. 
pentene tosylhydrazone (2.25 g, 6.12 rn mol) was heated under reflux 
in Dvfl (40 ml) for 4 h. 	The usual work up, followed by wet column 
chromatography (alumina/petrol) of the residue gave 1,2,3,4—tetra--
hydro_4,6_dimethylcyclopenta[binaene (219 mg, 205), 1,2,3,4—tetra— 
hydro-4, 8dimethylbenzo 61cyclopeita Ee]_[1 ,2]_ diazepine (472 mg, 
37%) and 4,5, G—trihydro_3me 1yl_6a_..toiyicyclopenta [c] pyrazole 
(553 mg, 43%). 
The indene was shown to be pure by t.l.c. (alumina/petrol). 
(Found: m/e 184.124632. 	C14H 16 requires 184.125194). 	11114.m.r. 
and mass spectra: see Appendix. 
The diazepine was purified by wet column chromatography 
(alumina/petrol, ether) to give yellow crystals (265 mg) which were 
recrystallised from petrol. rn.p. 89_900. (Found: C, 79.3; H, 7.9; 
N, 13.6. m/e 212.130878, 184.124994. 	C141116N2 requires C, 79.2; 
H, 7.6; N, 13.2%. rn/c 212.131 342.. 	C141116 requires 184.125194). 
U.v., 1iL.rn.r., 13Cn.m.r. and mass spectra: see Appendix. 
The pyrazole was purified by wet column chromatography (alum- 
ina/ether) to give a pale brown oil (394 mg). 	(Found: rn/c 212.131035, 
184.124994. 	C14H16N2  requires 212.131342. 	C14H16 requires 
184.125194). 	U.v., 	 13Cn.m.r. and mass spectra: see 
Appendix 
b) 	Decomposition of 4,5 , 6—Tril dro3—metyl_6a_p_ 	c1oeIac - 
jyrazole in DhE. 	The pyrazole (182 mg, 0.86 m inol) was heated 
under ref lux in Di (is ml) in the dark under nitrogen for 18 h, 
when t.l.c. (alumina/methylene chloride) showed that no reactant 
remained. The solution was cooled and the solvent was evaporated 
under reduced pressure. Dry column chromatography (alumina/benzene), 
(alumina/petrol) of the residual yellow oil gave 1,2,3,4—tetrahydro_ 
4,6_dirnethylcyclopenta[b]indene (55 mg, 35%) which was identical 
with an authentic sample using t.l.c. (alumina/petrol), g.l.c. 
(1% SE 30/1200) and 1}h.m.r. spectroscopy; and 1,2,3,4—tetrahydro_ 
4s6.irnethylbenzo[]cyclopenta IeJ_.[1 ,2]_ diazepine (67 mg, 37%), 
1 Hu.m.r. (CDC].3) identical with that of an authentic sample. 	A 
55.. 
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brown oil (18 ing, 1) was also cllected from the benzene dry 
column (RE 0.0). 	Such material had not been present before chroma- 
tography (t.l.c.). 
5. 	1 -Acetyl_2_p_fluoro>lieny1cvcl qpentenetosvlhydrazone 
a) Decomposition inD 	The sodium salt of 1-acetyl-2--fluoropIieny]_ 
cyclopenteno tosyihydrazone (3.25 g, 8.72 in mol) was heated under 
ref lux in D (40 ml) for 6 h. The usual work up gave an orange 
oil (1.87 g). 	Dry column chromatography (alumina/petrol) gave 
6-fluoro-1 ,2,3 ,4_tetrahydro_4_Ine-tI1ylcyclopenta[h]indene (443 mg, 
27%), 8f luoro-1 2 34-tetrahYdro_4_methylbenzo[c]cyclopentao] 
E1,2]-diazepine (709 mg, 38%) and 6a--fluorophenyL_4,5,6_trihydro_ 
3-methylcyclopenta c1pyrazole (678 mg, 36%). 
The indeno was shown to be pure by t.l.c. (alumina/petrol). 
(Found: m/e 188.099147. 	C13H13F requires 188.100122) 	HN.m.r. 
and, mass spectra: see Appendix. 
The diazepine was shown to be pure by t.l.c. (alumina/benzene), 
Crystallisation from a mixture of petrol (10 parts) and ether 
(1 part) gave yellow needles m.p. 80810 . 	(Found: C,72.0; H, 6.3; 
N, 13.1. 	C13H13N2F requires C, 72.2; 1-1,6.1; N, 13.0fl. Uv., 
1Rn.m.r., 13Cn.mr. and mass spectra: see Appendix. 
The pyrazole was shown to be pure by t.l.c. (alumina/benzene). 
(Found: m/e 216.106012, 188.100414. 	C13H13N2F requires 216.106269, 
C13H 13F requires 188.100122). 	U.v., 1Hn.m.r., 13Cn.m.r. and mass 
spectra: see Appendix. 
b) Decomposition-of 6,i—lD-FliioroT)Ileq,,ri-,t,5,6-trilivdro-')I-metlivlc-,,clo- 
pentaFclpyrazole in ME. 	The pyrazole (403 mg, 1.86 m mol) was 
dissolved in dry DINE (15 ml) and the solution was heated under re-
flux in the dark under nitrogen. The reaction was monitored by 
t.l.c. (aluniina/methylene chlori(fc, petrol) which showed no signifi- 
cant quantity of reactant left after heating for 12 h. 	The reaction 
was cooled and the solvent was evaporated under reduced pressure to 
leave a yellow oil. Dry column chromatography (alumina/benzene) 
gave 6-fluoro-1 ,2,3 ,'l-.tetrahydro..4_methylcyclopenta[b] indene (85 mg, 
24), 8-fluoro-1 ,2, 3,4-tetrahydro.4_methylbenzo[c] cyclopenta[o]_ 
cl,21_diazepine (126 mg, 33), both of which had 111n.m.r. spectra 
identical with authentic samples and a brown oil (95 mg), Rf 0.0-0.1, 
which was shown by 111n.m.r. spectroscopy to contain some residual 
reactant (10 approx. of the original quantity), as well as 
unidentifiable material. 
6. 2-l1ylcyclopenton...1a1 tosylhydrazono. 
a) Decomposition in DME. 	The sodium salt of 2-plienylcyclopenten,..1.a1 
tosylhydrazone (2.45 g, 7.20 m mol) was heated under ref lux in DLIE  
(40 ml) for 4 h during which time a red coloration appeared, then 
faded. 	The usual work up gave a brown oil (1 .4.7 g) which was 
separated by dry column chromatography (alumina/petrol) into two 
fractions, with R.f >0.7 (388 mg) and R.f <0.3 (955 mg). 	The fast 
running fraction contained at least 2 components, one of which 
fluoresced under ultraviolet radiation. 	G.lc. (2 NlrS/2000 ) of 
this fraction showed 2 peaks, in the ratio 6:1. 	G.l.c._ m.s. of 
the major peak showed M+ 156 which could be due to 1,2,3,4,4-pen-ba._ 
hydrocyclopenta[b]indene, however, lln.m.r. of the fraction could 
not confirm the presence of this compound. Mass spectrum: 
m/e 172 (25), 156 (100), 155 (14), 144 (30), 141 (37), 128 (79). 
(Found: 156.094119. 	C12H12 requires 156.093q6). 	The slow 
running fraction from the dry column was added to ether. This 
encouraged crystallisation of 2-phenylcyclopenterie_1_al azine 
57, 
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(59 rng, 5%). 	Recrystallisa-tion rrorn benzone gave yellow needles 
m.p. 205-2060 (d). 	(Found: C, 81.8; H, 7.2; N.8.5. 	C241124N2  
requires C, 84.7; H, Li; N, 8.2%). 	1}Lrn.r. (CDC13)(( 1.54 
(s,2H) , 2.6-2.8 (m,10II) , 7.1 (rn,811) , 8.0 (111,41-I) . 	Mass spectrum: 
m/e 341 (24), 340 (100), 339 (65), 290 (95), 172 (76), 170 (95), 
168 (65). 	T.l.c. (alumina/benzene and silica/benzene) of the 
remainder of this fraction indicated multiple products, none of 
which had a yellow colour, and mass spectrometry showed that peaks 
at 184 (C12H12N2) and 156 (C121112) wore not outstanding. 
7. 	1—Acetyl-2:1   —phenyl eye 1 ohexone tosyihydrazone. 
a) Decomposition in 	The sodium salt of 1—aceyl-2—piLenylcyclo_ 
hexene tosylhydrazone (3.90 g, 10.6 m inol) was heated under roflux 
in DII (70 ml) for 4 h. The usual work up gave a pale brown oil 
which gave one spot on a t.l.c. plate (alumina/methylene chloride) 
and one peak (>95% of total area of peaks) on a h.s.l.c. trace 
(alumina/methylene chloride, hexane). 	Wet column chromo'bography 
(alumina/methylene chloride) followed by recrystallisa-tion from a 
mixture of petrol and, ethanol gave 4,5,6,7—tetrahydro-3—methyl_7a_ 
phenylindazole (750 mg, 33%). m.p. 66-670 f 	(Found: C, 78.9; 
H, 7.7; N, 13.2. 	rn/c 212.131085, 184.124813. 	C14H16N9 requires 
C, 79.2; H, 7.6; N, 13.21/',. 	rn/c 212.131342. 	C14H16 requires 
184.1251 94). 	HN.m.r., 13 Cn.m.r. and mass spectra: see Appendix. 
b) Decomposition of 4,5,6,7—Tetrahyd.ro3_methy17a_pkbeyjwJazole in 
DME. 	The indazole (563 mg, 2.65 rn mel) ivas dissolved in D 
(50 ml) and the solution was heated under reflux in the dark under 
nitrogen for 5 days. 	The reaction was monitored by t.l.c. and 
h.s.l.c. (both using alumina/methylene chloride). 	Both appeared 
to show a small amount of reactant still left after 5 days, but as 
this material did not decompose when thercaction mixture was heated 
under reflux in toluene for 8 h, it clearly was not reactant. 
The solvent was then evaporated under reduced pressure to leave a 
brown oil, which on dry column chromatography (alumina/methylene 
chloride) gave 3_methyl_5_phenylpyrazole._spirocyclope11fl (539 mg, 
95%). 	This oil was sublimed under high vacuum to give white 
crystals of the pyrazole m.p. 62-640. 	(Found: C, 79.1; H, 7.9; 
N, 13.3. 	m/e 212.130464, 184.125356 (12 parts), 184.099656 0 part). 
C14H16N2  requires C, 79.2; H, 7.6; N, 13.2%. 	m/e 212.131342. 
14II16 requires 184.125194. 	C12H12N2  requires 184.100043). 
1IfN.m.r., 13Cn.m.r. and mass spectra: see Appendix. 
C) 	Decomposition of S _ 	 em 
in DUi' in the Presence of Tri_n_butyphosiune. 	The indazole 
(208 mg, 0.98 m mol) and tri—n—but3rlphospl-line (396 mg, 1.96 m mol) 
were dissolved in DINE and the solution was heated under reflux in 
the dark under nitrogen. 	The reaction was monitored by tl.c. 
(alumina/methylene chloride), which showed the gradual disappearance 
of the reactant, until after 5 days, no significant quantity was 
left. 	The mixture was then cooled and the solvent was evaporated 
under reduced pressure. Dry column chromatography (alumina/methyl-
ene chloride) of the residue gave 3—methyl-5_phenylpyrazole_4_ 
spirocyclopon-t,ane (194 mg, 50%), identical with an authentic sample 
(1Hn.m.r. and t.l.c.), and a brown oil (22 mg) which did not contain 
1 _acetyl_2..pheny1cyclohex0 hydraz one. 
8. 2—Acetyl_3_pherwljndene tosylhy(Irazone. 
a) 	 The sodium salt of 2—acetyl-3_phenylindene 
tosyihydrazone (2.33 g, 5.81 m mol) was heated under reflux in D1II 
(30 ml). 	After being heated for 2 mm, the colourless solution 
became red—brown. This colour slowly faded to leave a yellow 
solution after 3() mm. 	T.l.c. (alumina/mot1ylene chloride) showed 
that no reactant remained after 50 mm, but the mixture was left at 
650 for a further 18 h to ensure reaction of any diazoalkene. The 
mixture was then cooled and sodium —toluenesu1phina-Le (100%) was 
filtered off. 	The solvent was evaporated under reduced pressure 
to leave a solid (1.40 g) which on dry column chromatography (alum—
ina/petrol) gave 1—methylmndeno (21,31: 2,3) indene (918 mg, 72%). 
Recrystallisatmon from petrol gave white crystals m.p. 112-112,50 
(Found: C, 	93.7; 	II, 	6.4. C17H14 requires C, 	93.6; H, 	6.5%). 
11.m.r. (CDCl3);2.2_3.O (m,81I), 	6.33 	(q,J 811z, 	111), 6.45 	(s,211), 
8.58 (d,J 8Hz, Cu 3). 	The residue from the dry column (332 mg, 
Rf<0.2) showed a number of spots on a t.l,c. plate (alumina/ 
methylene chloride), but no evidence could be found for the presence 
of a pyrazole or a diazepine. 
9. 	2, 3—Dimethylcyc lohox-2—enoiie tosvlhydrazone. 
a) Decomposition in Cycloliexane. 	The sodium salt of 2,3—d.irnethylcycic_ 
hex-2—enone tosyihydrazone (1.06 g, 3.64 m mol) was heated under 
ref lux in cyclohexane (10 ml) for 88 Ii. 	At no stage of the decom— 
position did any red coloration develop. After the sodium - 
toluenesulphinate had been filtered off, t.l.c. (alumina/methylene 
chloride, alumina/benzene) and g.l.c. (2% NmS/60_180°, 10% APL/ 
80-200°) of the filtrate indicated multiple products. 	G.l.c.— 
mass spectra were run on the 3 largest peaks: 108 (38), 93 (100), 
91 (63), 77 (53) - probably 1,2—dimethvlcvclohexa-..1,3....diene; 
154 (33), 139 (81), 111 (100), 109 (33); 	and 192 (5), 110 (18), 
109 (100), 108 (19) - probably an insertion product of the carbene 
into cyclohexane. 	The products could not be separated. 
60. 
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b) 	Dcc oriposi ti on in Cycloliexane in Elie Presence of 1
1  1 -DiphenylethyJene. 
The sodium salt of 2,3-dirnethylcyclohex_2enone tosyihydrazone 
0.95 g, 6.67 m mol) and 1,1-diphenyletliylene (7.6 g, 42.3 m mol) 
were heated under ref lax in cyclohexane (20 ml) for 68 h. 	After 
the sodium -toluenesulphinate had been filtered off, g.l.c. and 
g.l.c.- m.s. (io APL/80_200°) of the filtrate showed two significant 
products, with molecular ions 154 (identical spectrum to the compound 
in Ex 9a)) and 288. 	The solvent was evaporated under reduced 
pressure and dry column chromatography (alumina/petrol) of the 
residue followed by distillation under high vacuum gave 2,3-dimethyl_ 
cyclohex-2_enespiro_2' , 2' -diphenylcyclopropane (353 mg, 19'/') as a 
colourless liquid. (Found: C, 	91.9; H, 	8.5. C22H24 requires 
C, 	91.6; 	II, 	8.4). 11.m.r. and mass spectra: see Appendix. 
C) 	Hydrogenation of 2,3_Dirnethylcycloh9x_2njro_212 '-dihenv1- 
çyclopropane. 	10 Palladium on charcoal (50 mg) and 2,3-dimethyl_ 
cyclohex_2_enespiro....2?,21._dipheflylcyclopropane (57 mg, 0.20 m mol) 
were added to ethanol (30 ml). 	The mixture was shaken for 8 h 
under 4 atmospheres of hydrogen, when examination by g.l.c. (i SE 
30/1700) showed that all the reactant had been consumed. 	Only one 
product peak was seen on the g.l.c. trace and g.l.c.- m.s. indicated 
11+292. 	(Found: m/e 292.218206. 	C22H28 requires 292.219090). 
1Hn.m.r. and mass spectrum: see Appendix. 
10. 	cis_Methyl_trans_phefly1rnethy1e)ie)cyc]ohexanone tosylhvdrazone. 
a) Decomposition in DE. 	The sodium salt of 2-(cis-methyl-trans_ 
phenylme-thylene) cyclohexanone tosyihydrazone (2.42 g, 6.57 m mol) 
was heated under ref lax in DME (50 nil) for 30 h. 	T.l.c. (alumina/ 
methylene chloride) of the product indicated the formation of only 
one product. 	The usual work up, then wet column chromatography 
(alumina/methylene chloride) of tie product, followed by recrystal 
lisation from a mixture of petrol and ethanol, gave 4,5 96,7-tera. 
hydro_3_rncthy1.3_pj101yl indaz ole (807 mg, 58) m.p. 64_65 0.  
(Found: 	C, 79.3; 	II, 	7.2; N, 	13.2. 	ni/e 212.129843, 184.124813 
(io parts), 184.099837 0 part). 	C14H16N2 requires C, 79.2; 	H, 	7.6; 
IN, 	13.21  m/e 212.131342. C1 41116  requires 184.125194. C1 21112 N2 
requires 184.100043). 	1IfN.m.r., 13Cn.m.r. and mass spectra: see 
Appendix. 




Small samples of the indazoje (15-50 mg) were 
dissolved in a) DIM, (b.p. 85°), b) toluene (b.p. 111 0 ) and c) 
-.Vlone (b.p. 1380). 	The three solutions were heated under ref lux 
in the dark under nitrogen while the reactions were monitored by 
t.l.c. and h.s.l.c. 	(both using alumina/methylene chloride). 
Solution a) was cooled after 6 days with a considerable quantity 
of reactant still remaining. 	No reactant was left in solution b) 
after 1 week and in solution c) after 1 day. 
All three solutions were shown by the chromatographic methods 
to contain multiple products. 	None of these products could be 
identified. 
c) 	Acid Catalysed Isomerisation of 4, 6, 7-Tetrahvdro_3mIilJ_ 
£ylindazo1e 	The indazole (438 mg, 1.40 m mol) was dissolved 
in glacial acetic acid (30 ml) and the solution was kept at 950 in 
an atmosphere of nitrogen for 30 mm. 	T.l.c. (alumina/methylene 
chloride, ether) showed that no reactant remained and that one main 
product had formed as well as a number of products with greater 
Hf s. 	The solution was neutralised with dilute sodium bicarbonate 
solution and the product was extracted with ether. After evapora-
tion of the ether under reduced pressure, dry column chromatography 
62 
(alumina/methylene chloride) gave 4,5,6, 7—tetra11ydro3nethy3a 
phenylindazole 050 rng, 34) as an orange oil which was shown to be 
pure by t. 1 • c. 	(Found: rn/c 212.1 31706, 184.125175. 	C1 4111 6N2 
requires 212.131342. 	C141116  requires 184.125194.) 	'HN.m.r., 
13Cn.m.r. and mass spectra: see Appendix. 
11.ene)ohexan one tos'Ll-jadrazone.  4°  
a) Decomposition 1nDME. 	The sodium salt of 2—(di_toly1methy1ene)_ 
cyclohexanone tosylilydrazone (3.39 g, 7.38 rn mol) was heated under 
ref lux in DIth (75 ml) for 6 h. 	The usual work up, then dry column 
chromatography (alumina/methylene chloride), followed by cristallisa 
tion from a mixture of petrol (b.p. 60-800) and ethanol gave 4,5,6,7 
0.36 g, 61%) m.p. 102-103°  
(lit., 81  101-102°). 	(Found: rn/c 302.177541, 274.170931. 
C H N 
21 	222 requires 302.178290. 	C 21  11  22  requires 274.172142). 
111N.. m r. , 13 - Cn.rn.r. and mass spectra: see Appendix. 
b) 	Decompositionof4 56, 7eraydro_3, 3—d i—p—tolylindazole in Toluene. 
A solution of the indazole (811 mg, 2.68 m mol) in toluene (iso ml) 
was heated under ref lux in the dark under nitrogen. 	T.l.c. 
(alumina/benzene) showed that no reactant remained after 12 h. The 
solvent was then evaporated under reduced pressure to leave a white 
solid which was recrystalljsed from a mixture of petrol (b.p. 60-
80°) and ethanol to give 4,5,6,7—tetrahydro_3,3a_ditolylindazole 
(610 mg, 75%) m.p. 178-179°f 	(Found: C, 83.2; II, 7.4; N, 9.3. 
m/e 302.176952, 274.172514 	C21H22N2  requires C, 83.4; H, 7.3; 
N, 9.3%. 	rn/c 302.178290. 	C211172  requires 274.172142). 	1  MN. rn.r., 







a) 11.m.r.jctra1 data (CDC1* 
X 
 J 	Ph 	 I 	CJ13 	j 	Ph 
Ph 	 C113 	 H 
Ar 2.2-3.1 (m) 2.03 	(d,J 811z) 2.24 	(d,J 811z) 
2.72 	(d,J 8JIz) 2.7-3.0 (m) 
C11   7.62 7.60, 	8.08, 	8.31 7.62 
CH  
6.9 	(m,211) 	7.4 	(m,21-1) 7.4-7.7 	(m,411) 7.1-7.4 	(m,411) 
7.8 	(m,211) 8.1-8.4 	(m,211) 8.10 	(quintet,J 71Iz,211) 
—CH=N 2.35 	(s) 
b) Ir. spectral data (nujol)r cm 





* In n.m.r spectra, the multiplicity and the number of atoms responsible 
for the signal are not always quoted when they are obvious. 
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a) 111N.m.r. spectral daa(CDC1 
X H Cu 3 F 
Ar 2.3-3.0 (m) 2.1-3.2 	(m) 2.4-3.5 	Cm) 
CH  7.58, 	8.00 7.55, 	7.71, 	7.98 7.60, 7.97 
CL!2 7.2 	(211), 	7.4 	(211), 6.9-8.5 	(m,611I) 7.0-8.3 	(ni,611) 
7.9 (211) 
b) 	I .r spectral data (nu c 1 
NH 3165 3175 3175 
65. 











(4) Ph Me  
&NNS02Ar 
a) 1FU.m.r. spectral data (CJ)Cl_ 	 Ar = p-tolyl 
Compound (1) (2) (3) (4) 
Ar 2.1-3.1 	(m) 2.0-3.1 	(ni) 2.14 (d,J 8Hz) 2.1-3,1 	(m) 
2.75 	(d,J 8Hz) 
CH   7.56, 	8.72 7.61, 	8.46 7.62, 	8.24, 	8.25 7.60, 	8.24 
CH  7.4-J.8.(m,4H) 6.22 	(s,2H) 7.7 	(m,211) 	7.8 	(m,21-1) 7.3-8.6 (m) 
8.0-8.4 (m,411) 8.3 	(rn,2H) 
b) 	I.r. spectral data (nujcrn 








Me' 	7---  HA  
HA 	(5) 
a) 111N.m.r. spectral da(CDCl) 
Compound(5) 
(6) HYdrogenated(5) Tyctrozenated(5) 
Ar 2.5-3.1 	(in) 2.5-3.1 	(m) 2.6-3.1 	(in) 2.6-3.1 	(rn) 
Cu 3  8.32(bs), 	8.96(s) 8.38(s), 	9.21(bs) 8.58 	(s) 
CIT2 7.8-9.0 (m) 7.7-9.1 	(m) 
HA 8.15 	(d,J 51Iz,1H) 8.27 	(d,J 514z,1H) 
8.72 	(d,J 511z,1}I) 8.53 	(d,J 51-lz,1H) 
benzylic 
H 5.8-6.1(m,0.8II) 5.8-6.1(m,1iI) 
b) 	Mass spectral data (m/e, relaveabimdance) 
289(20), 	288(100) 289(10), 	288(44) 292(14), 	207(14) 292(8),168(30 
273(40), 	231(22), 273(23), 	231(11) 181(12), 	180(24) 167(100), 





















Ar 2.6-3.1 	(m) 2.63.0 (m) 2.8-3.1 	(m) 2.8-3.3 	(m) 
CH 8.74 (d,J 711z) 7.68(s), 	8.78(d,J 8Hz) 8.77(d,J 7Hz) 
CH  
7.2-7.8 (m) 7.3-7.8 (m) 7.3-7.8 (m) 7.3-7.8 	(rn) 
5.75 	(bs) 6.74(q,J 7Hz) 6.82 	(q,J 81z) 6.80(q,J 7Hz) 
b) 	Mass spectral data 
232(52), 170(47),155(19) 184(100),169(32), 188(83)173(24) 
204(100), 142(100), 156(68) 160(100), 












cd 4  
Ar 2.7-3.0 (m) 2.6-3.1 (m) 
C11   8.74 	(d,J 711z) 
Cfl 7.7-8.9 (m) 7.7-9.1 (m) 
HA 6.69 (quintet, J 7Hz) 5.41 	(d,J 911z) 
FIR 7.24 (quintet, J 8Hz) 7.00 (quintet, J 8Hz) 







a) 11IX.rn.r. spectral data (CDC13j 
X CH  
HA 2.26 (m) 2.46 (d,J 1.511z) 
11 B 2.71 (d,J 	81Iz) 
HC 2.91(d of d.,J 	811z,J1 1.51-Iz) 
Ar 2.5.-2,8(m,3H) 2.4-3.1 	(rn) 
cif  7,93(d,J 6Hz) 7.62(s), 7.96(d,J 61Iz) 7.93 	(a,J 611z) 
aliphatics 6.7-8.3 (m) 6.7-8.4 Cm) 6.6-8.8 (m) 
b) 	Mass spectral data 
198(11),170(63) 212(14), 	184(81), 	169(32), 216(10),188(64), 




MPEj'DIX 5 (ConLinued) 
C) UlLraviolet spectral data (ethanol): nm 
H 
CH  F 
210( 	13300),233(20200), 212(. 13800),234(23200), 209(E 12400),232(20600), 
251(12400), 	267(7900), 252(14600), 	268(8630), 267(6400), 278(4200), 
278(6400), 335(1200), 279(6700), 338(1440), 337(1700), 408(600). 
402(500) 410(480) 
2 
y  lob 1 	1 CO
) 
Me" N=N 
d) 13CN.mspectral data (CJ)Ci 
--- 	------ 
X Chemical shifts from T.M.S. 	(p.p.m.) 
H CH3: 	16.7. 	C1—C3: 22.7, 	32.6, 	33.2, 	C4: 	67.1. 	Aromatic and 
olefinic carbons: 	125.5(d), 126.2(d), 127.6(d), 128.6(d), 	136.1(s), 
138.7(s), 	150.6(s). 
CH  2 x OH3. 	16.7, 21.2. 	C1—C3: 	22.7, 	32.6, 	33.0. 	C4: 	67.0. 	Aromatic 
and olefinic carbons: 122.6(s), 125.8(d), 128.2(d), 	128.9(d), 
135.3(s), 	135.9(s), 	137.3(s), 	150.3(s). 
F OH3: 	16.6. 	C1—C3: 	22.6, 	32.7, 	33.1. 	C4: 	67.6. 	09: 	113.6(JCF 22.2 
Hz). C7: 116.1 ('Ic-F 	22.6 liz). CiOa: 121.5. 	ClO: 128.1( F 	8.2 	lIz). 





a) 	I 	spectral duta (!3) 
X H CH  F 
aroma-Lies 2.5-2.9 	(m) 2.6-3.0 	(rn) 2.5-3.1 	(m) 
01-13  7.69(s) 7.64(s), 	7.67(s) 7.67(s) 
aliphatics 7.3-8.8 (m) 7.2-8.8 (m) 7.2-8.8 (m) 
b) 	Mass spectral data 
198(2), 212(1), 	184(60) 216(1), 	188(66), 
170(70), 169(32),156(100) 173(21), 160(100) 
155(28), 
142(100) 
C) 	Ultraviolet spectral data (ethanol): rim 
219(E. 5000), 223(C 7000, 213(E. 6060), 
267(2440) 265(3000) 265(2830) 
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APPENDIX 6 (CoiEinued) 
x 
N kN me  
d) 13CN.m.r. spectral data (CDCi 
x 	
j 	Chemical shifts from T.M.S. (p.p.m.) 
H 	C13: 11.6. 	C4—C6: 19.5, 31.9, 33.9. 	C6a: 110.2. 	Aromatic 
carbons: 	127.1(d,2C), 1281(d,1c), 128.6(d,2C), 135.1 (s,1C). 
Olefinic carbons: 148.5, 160.8 
0113 	2 x C113: 11.7 9 21.0. 	C4—C6: 19.5, 31.9, 33.7. 	C6a: 109.8. 
Aromatic carbons: 126.8(d,2c), 129.2(d,2C), 131.8(s,1C), 
137.5(s,1C). 	Olefinic carbons: 148.1, 160.7. 
1? 	0113: 11.7. 	C4—C6: 19.4, 31.8, 33.9. 	C6a: 109.3. 	Aroniati 
carbons: 115.4(J(F 21.51Iz,2C), 128.7(JCF 8.0H7,2C), 130.6(J(F  




Mixture of 4 	 —phenlinc1azole and 






a) 1HiLm.r. spectral data 
  
CDC1 	 C 6  D 6 
2.5-2.3 (m,511), 7.1-8.4 (m,811), 	2.3-3.1 (m,511), 7.2-8.7 (m,811), 
7.8 (s,CI13) 	 7.78(s,0.75c113), 8.12(s,0.25CH3) 
) 13CN.rn.r.sjctral data (CIl).p.m. 
CH3:1O.7 (34), 11.7 (86). 	Aliphatic carbons: 20.3 (176), 20.5 (78), 
22.7 (188), 23.0 (199), 23.5 (204), 23.8 (175). 	Aromatic and olefinic 
carbons: 115.4(s,18), 116.2(s,49), 122.5(cI,103), 124.3(d,43), 125.9 









1 n.r.jectra1 data (CDC) 
2.73(s,511),7.54(s,C113), 2 .6_3.1(rn,5H),7.1.q.3(n,2I1), 3.0(s,81I), 7.0-8.4 
6.7-9.4(rn,8J-J) 	 7.7-8.5(m,611),8.35(s,CJI) 	(rn,811), 7.68(s, 
2 x CII) 
Mass spectral data 
212(18), 184(48), 	212(16), 184(79), 169(73), 	302(8), 27400O), 
169(48), 156(33), 156(44), 155(79), 141(100) 1  259(31), 246(23), 
155(44), 141(100) 	 245(50), 231(27) 
C) 13CN.m.r. spectral data (cDci 
CR3: 11.1. C4-C7: 
21.6, 24.8, 28.1, 37.2 






CR3: 19.1. C4-C7: 21.7, 
21.9, 22.3, 22.6. 	03: 
96.7. 	Aromatic carbons: 
125.7(d,2C), 127.8(d,1C), 
128.8(d,2C), 135.4(s,1C). 

















I 	13& 	\J 1j 
3,  
2' 	 Ph M 
Mc I 
Ar = p-tolyl 
a) 11IN.in.r. spectral data (CDCl 
2.0_2.3(m,2II),2.5_28 
(m,311) , 7.4-.8.3(rn,811) 
7.73(5,0113) 
b) Mass spectral data 
212(27), 184(34), 
169(31), 156(29), 
155(48), 1 '12(47), 
141(100) 
2.6-3.2(m,511), 6.8-9.0 







170(23), 169(26), 1157(96),143(83) 
143(62), 129(100) 
c) 130N.m.r. spectral data (ci 
C113: 13.1. C2'-05': 
27.8(20), 33.5(20). 
C4: 67.9. Aromatic 
carbons: 127.6(d,2C), 
128.7(d,2c), 130.4 
(d,1C). CN: 177.9, 
181.1 
01-13: 12.5. C4-C7: 
21.3, 26.9, 29.3, 




CN: 180.2, 181.9 
2xCH3  and 04-07: 2113, 
21.4, 21.5, 26.7(t), 
29.6(t), 34.9(t). C3a: 
67.6 Aromatic carbons: 
126.5(d), 127.6(d), 
129.2(d), 129.7(5) r 
130.2(d), 137.5(s), 
140.7(s). CN: 180, 
Page No. 
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1. 	1 .-.Benoy1_2_p11eny1C3rciopentene 
2 • 	1 _Acetyl_2_aryicyc1oa11enes 
2-.Acetyl._3_phenyljndene 
Other Carbonyl Compounds 
To sylhyd.raz ones of 1-Unsaturated Carbonyl Compounds 
DECOMPOSITION OF THE SODIUM SALTS OF TILE TOSYL}IYDRAZONES, 
AND RELATED REACTIONS 	 83 
1 —Benzoyl_2pheny1cyc 1 openLene t osyihydrazone 	 83 
1 —Acetyl_2_arylcyclopen±,ene tosyihydrazones 	 88 
2—Phenylcyclopenten_i_aj tosyihydrazone 	 99 
2—Acetyl_3_phenyljndone tosylhydraz one 	 101 
1—Acetyl_2....methylcyclopentene tosyihydrazone 	 104 
2, 3—Dimethylcyc 1 ohex-2—enono t osylhydraz one 	 109 
1 _Acety1_2..pheny1cyc1ohxne tosyihydrazone 	 112 
2_(cis_Methy1_trans_pheny1methy1efle)crc1ohexaflofle 
tosylhydrazone 	 116 
2_(Di__to1y1methy1ene)cyc1oiexanone tosyihydrazone 	 118 






R->=< + N 
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El 
R/=N=N R + 
P1?EAMBLF 
It has been known for some years that the diazoalkones produced by 
the base.-induced decomposition of fl-unsaturatod tosylhydrazonos in aprotic 
solvents can cyclise to give pyrazoles (route a), and/or lose nitrogen to 
form carbenes (route b). 
78 
Sharp, Thorogood and Stanley 40,43,44,81 were able to extend the 
unsaturated system to allow a third mode of reaction (route c). 	This was 
an Sri-electron ring closure to give a cliazepine. 	These workers showed 
that (a) was the preferred route if the ,4-double bond of the tosylhydrazcne 
was olefinic and the 6 -double bond was aromatic, but the system could be 
adapted to decompose via routes (b) or (c) if route (a) was inhibited in 
some way. 	They demonstrated that substituents on the d.iazoalkene deter— 
mined the mode of decomposition, and in particular, that the nature and 
position of carbocyclic rings, with their geometrical constraints on the 
diazoalkene were of fundamental importance (see introduction). 
The main object of this research was the study of diazoalkenes of 
type (1). 	By varying the ring size and the sub stituents R, it was hoped 
p2 
(CH2)n (1) 
to gain a clearer understanding of the factors influencing the various 
possible modes of decomposition of diazoalkenes in aprotic solvents. 	In 
particular, it was hoped that with 	aryl, 1,2—benzodiazepines could be 
synthesised in good yields by 1,7—ring closure, so extending the range of 
this synthesis of these rare compounds. 82 
As the research progressed, it became useful to study related diazo—
alkenes, and a number of interesting reactions of the cyclisation products 
were also carried out. 
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SYNTHESIS OF c 	UNSATURATED CARBONYL COIJPOUNI)S 
AND THEIR 	TOSYLHYDRAZONES 
1-Benzoyl--2-phenyicyciopentene was prepared along with 3-benzoyl_2 
phenylcyclopentene by the base-catalysed cyclisation of 1 ,4.-dibenzoyl_ 
butane.69 In the literature preparation, 69 the unwanted isomer was 
separated from the mixture by fractional crystallisation, but it was 
found more convenient to separate the isomers by dry column chromato-
graphy. 
l-Acetyi-2-.arylcycloa]J 	, ,cenes 	83 were prepared by the 1riedel-Crafts 
acylation of 1-arylcycloalicenos. 	Mild conditions were used to ensure 
that no acylation of the aromatic rings took place. 	In all cases, 
the primary product was the fl -unsaturated ketone (2). 	This is in 
8376, agreement with the work of Groves and Jones 73, 	on the acylation 
Ar 
(C H?)OMe  
	
Ar'4 	H (2) Ar 	+ 
(CH2 (-2 




n1 or 2 	 (CH2)flCOMe 
of 1.-.alkylcycloalkenes. 	Possible reasons for the formation of the 
non-conjugated. isomer have been discussed by Groves and Jones 76, 
Groves 
84 
 and Nenitzescu and Balaban. 
85  The most likely explanation 
80. 
appears to be that there is preferential elimination of a quasi—axial 
proton from the intermediate carbonium ion (3) and this is only 
possible from the a—position. 	This argument is more substantial in 
the six—inernberod ring case than in the five. 
Whatever the precise explanation, it is clear that the transition 
state required to give the non—conjugated ketone is of lower energy 
than that required for the conjugated isomer. 	It must be said, 
however, that the conjugated isomer will have a certain loss of 
stability caused by steric interaction between the aryl and the 
acetyl groups, which are coplanar, and this will partially offset the 
gain in stability due to the conjugation. 	The relative stabilities 
of the two ketones were illustrated after the 3—acetyl-2—arylcyclo. 
alkene had come to equilibrium with its conjugated isomer in the 
presence of base. 	In no case was there a significant excess of the 
conjugated isomer, unlike the analogous 3—ac etyl-2—al1lcyc 1 oalkenes 
73,83 which at equilibrium can contain >90% of the conjugated isomer. 
In these cases, Groves and Jones 83 found that as the size of the alIrl 
group was increased, the equilibrium mixture of the ketones contained 
a greater proportion of the non—conjugated isomer. 
In 1937, Allen and Rudoff86 claimed that Friedel—Crafts acylation 
of l—phenylcyclohexene gave 1—acetyl-2—phenylcyclohexene, but there 
is little doubt that their product was in fact 3—acetyl-2—phenylcycio_ 
hexene. 
The separation of the two isomeric ketones proved to be a major 
task. At first, this was done by dry column chromatography (alumina/ 
toluene), but this was very inefficient, and the later use of the Fischer 
Spaltrohr System distillation apparatus proved much more efficient and. 
effective. 
3. 	2-4cetyl-3_phenyljncleiie was prepared by the FriedciCrafts acylation 
81 
82 
of 3—phenyliiidene. 	Unlike the acyfation of l._arvlcycioalkcnes, the 
aromatic ring  in the indene ensures that the only proton which the 
carbonium ion (4) can eliminate is that which results in the formation 
of the conjugated. ketone (5). 




(4) 	 (5) 




Tosylhydrazones of up—Unsaturated CarboLlyl C9ourids were prepared by 
condensation reactions, using as mild conditions as possible comnen— 
surate with the formation of product at a reasonable rate. 	The more 
heat that was used, to drive a condensation to completion, the more 
side reactions became significant. 	The only non—routine tosylhydrazone 
preparation was that of 2—phenylcyclopenten_lal tosylhydrazone which 
was prepared in ether because of its excessive solubility in alcoholic 
solvents. 
All tosylhydrazonos were identified by their i.r. and 1Hn.m.r. 
spectra. 	The N—H stretch (ca.3200cm 1) often revealed two peaks, 
which could be attributed to the syn and anti isomers (6,7) both being 
present. 	This also resulted in a number of the melting points (with 
decomposition) of the tosyihydrazones not being very reproducible. 




R2 	 NHSO2Ar 
It ft 
HG HB  
HA Ho 




HE 	 (iob) 
HA 
DECOMPOSITION OF THE SODIUM SALTS OF 
TIlE TOSYL!iy1)j?AzoI1j'S AND RELATEI) - REACTIONS 
tosylhydrazone. 
The sodium salt of 1_benzoyl_2pher1y1cyclop0flOfl0 tosyihydrazone 43 
was heated under reflux in cyclohexane. 	Thereac-ton mixture became 
mauve after fifteen minutes, indicating the presence of the diazo— 
alkene (8), 	The colour slowly faded and a 95 yield of 1,2,3,4._ 
tetra] ydro_4_pheflylc\rcloperita [b]indene (9) was isolated. 	The identity 




The 111n.m.r. spectrum of the indene was not very informative except 
for a broad singlet at T5.75 which is the doubly benzylic proton HA. 
The mass spectrum showed the molecular ion m/e232 which lost C 2 H 4 to 
give the base peak m/e204. 
The identity of the inderie was confirmed by its hydrogenation to 
4—phenylcyclopenta[ajindane (10). 	This compound had a molecular ion 
m/e234, and a most interesting 1Hn.m.r, spectrum which enabled the 
configuration and the conformation of the molecule to be determined. 
It is apparent, both from the mechanism of hydrogenation, and the 
structural constraints of two fused five—menbered rings, that the 
incoming hydrogen atoms (JIB and H) in the hydrogenation must have a 
cis relationship to each other in the indane, thus two configurations 
are possible. 	HA may be either cis (structure lOe) or trans (structure 
lob) to 
The doublet at '(5.41 cannot be other than HA (J 91-1z). 	Irradiation 
at 11A collapsed the quintet at '(7.00 to a quartet, thus confirming 118 
as the quintet. 	11B therefore has virtually the same coupling constant 
(J 8-91-fz) to HA, IIc, 1J, and HE. 	Study of the Karplus curve 87,88,89 
for vicinal coupling constants indicates that the only way in which HD 
and ME can couple equally to 11B with J 811z is if the dihedral angles 
HH and 11E83 are 200 and 1400 (one must be 1200 greater than the 
other). 	Construction of lirieding models indicated that such a con- 
formation would make the dihedral angle iTATIB either 200 (structure lOa) 
or 1000 (structure lob). 	The Karplus curve predicts that a dihedral 
angle of 1000 gives a coupling constant of virtually zero, whereas 200 
gives the desired constant of 8-911z. 	Thus, HA, 11, and "c are all cis 
to one another. 
Simultaneous irradiation at HA (t5.1) and'(6.37 collapsed the 
quintet at H8  to a triplet, thus confirming HC as the triplet (j 811z) 
of doublets (J 4Hz) at t6.37. 	JBC = 8Hz, hence the couplings from 
HC to HF and H6 must be 811z and 41TIz. 	The Brieding model showed the 
o 	 o 	 87 dihedral angles to be HCJ1f = 5 and 	115 . The Karplus curve 
predicts that the coupling constants will be JCF 8-1111z and JCC, 1-3Hz. 
These values are in reasonable agreement with the values found in the 
spectrum. 	It would seem likely that the reason for the specific 
attack of the hydrogen molecule on one side of the indene is due to the 
bulk of the phenyl group shielding the other face. 
The reaction of the diazoalkcne (8) will now be considered. 	The 
formation of a quantitative yield of indene (9) is at first rather 
surprising. 	Diazoalkenes with phenyl groups on the diazo-carbon are 
known to be more stable than their analogues with alkyl groups1 and in 
13 














crates the rate of cyclisation to 311—pyrazolos. 	The red coloration 
seen in the decomposition (and not observed in the decomposition of 






diazoalkene (8) is indeed relatively stable. 	This intermediate has 
three possible modes of decomposition (scheme 1). 
It would seem most unlikely that the irvlene (9) is formed via the 
diazepine (12), as the analogous compound (15a) readily rearranges via 
a 1,5 suprafacial hydrogen migration 33 to give the diazepirie (16a) 
which is stable under reaction conditions (see later). 
TrN H  
(16a) 
Formation of the indenc (9) via the pyrazole (13) is possible, and 
it could happen in two ways. 	The pyrazole (13) could undergo the 
reverse reaction to the diazoalkene (8) which could then lose nitrogen 
to form the carbene (14). 	This is quite possible in the light of the 
decomposition of 4,5 ,6.trihydro_3me-thyl_6a_.phenv1cvclopentafc]pvrazo1e 






Me 	 Me (17a) 
The other route by which pyrazole (13) could form the indene is 
via the diradical species (18) formed by two—bond cleavage of (13). 
Ph 	 Ph 
c
N -N2  
(13) 	 (18) 1 	 (9) Ph Ph HPh 
The most likely route for the formation of indene (9) is via the 
direct loss of nitrogen from the diazoalkene (8) to give the carbene 
(14). 	Such a carbene would be thermally generated as a singlet, but 
by analogy with diphenylcarbene, might have a triplet ground state. 
An attempt was made to trap any carbene formed in the decomposition of 
diazoalkene (8), by carrying out the tosylhydrazone decomposition in 
the presence of Jill—diphenylethylene. 	This olefin is known to be a 
carbene trap which is particularly effective for triplets.90 Indeed, 
it has been shown91 that 1,1—diphenylethylene traps diphenylcarbene 
>100 times more rapidly than do non—conjugated olefins. However, no 
adduct was found in the reaction, the indene being formed as in the 
absence of trap. 	Under analogous conditions, 1—methyl-2...acetylcyclo_ 
pentene tosylbydrazone (19) gave a good yield of adduct. 	Thus, in 
the decomposition of 1 _benzoyl_2_phenylcyclopentene tosyihydrazone, if 
83. 
diazoalkene (21) than for diazoalkene (8). 
Ph 
(21)~\\N1.7 1g  Ph 
87. 
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(19) Ph 
the carbene is formed, it inserts very quickly, probably as a singlet. 
It is of interest to compare this decomposition with the superfici— 
ally analogous decomposition of 2—diphenylmcthylenecyclopentanone 
tosylhyclrazone (20)40 which gave no hydrocarbon, and an 8 yield of 
diazopine. 	The probable reason for the difference in behaviour is 
c Ph 
NTs 
(20) 	 (2 1) 
due to a better overlap of the diazo group over the aryl in diazoalkene 
(21) than in (8). 	Drieding models illustrate that the interaction of 
the two phenyl groups in (21) favours a molecular geometry which is 
suitable for diazepine formation. 	Furthermore, the distance between 
the two ends of the 81,i'—electron system which must undergo a conrota-tory 
ring closure to form the diazepine is ca 0.1. less in the case of 
ølavX.  
--".800 .--- 80 
me 	
N NSO2Ar 1 ,' % 
(11) 
(23) 	+ 
Me 	 x 
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n ?., 	Me 	(16) 
a:XH 
a2O0/ - 	 a32°/0 	b:XMe 
b20% 	 b37% c:XF 
C -27°/ 0 C:38°/0 
Scheme 2 
88. 
A contributing factor in the £o'rnaLion of the indene (9) may be 
that the carbene (14) is stabilized by delocalisati.on both in the phonyl 
group on the diazo-carbon of the diazoalkene (8) and also through the 
double bond into the other phenyl group. This may lower the energy 
of the transition state between the diazoalkene and the carbene. 
2. 	l-Acetyl_2_arvlcyclopentene tosylhydrazones. 
The sodium salts of the 1 -ac etyl_2_arylcyclopen-Lene tosyihydrazones 
(ii, scheme 2) were heated under reflux in DME. 	No red colour, which 
would have indicated the presence of the diazoalkene (23) was observed 
in the decompositions of salts (ha) and (hib), but a slight red colour 
developed in the decomposition of the fluorocompowid (lic). 	All these 
reactions eventually became yellow coloured and the standard work-up 
followed by separation of the compounds by column chromatography 
afforded 1 ,2, 3 4-tetrahydro_4_metIiylcyclopenta[bj indenes (24), 1 ,2, 3,4-
tetrahydro_4_rnethylbejizo [c] eye lopenta [e] -[1 , 2] -diazepines (16) and 
6a-aryl-4, 5, 6-trihydro_3_meti1ylcyclo1>entac] pylazoles (17). 
The identity of the indenes (24) was established by spectroscopy 
and also by the hydrogenation of indene (24a) to the indane. 	The 
mass spectra of the indenes gave a large molecular ion which readily 
lost C
2  H4 from the cyclopen-tene ring. 	This cracking pattern is in 
agreement with that of 1 ,2,3,4_tetrahydro_4_phenylcyclopenta[h indene 
(9). 	The 1Rn.m.r. spectra of the indenes (24) showed a benzylic proton 
ft6.8,q,J 7Hz) split by the methyl group (T8.8,d). 
The indene (24a) was hydrogenated under a pressure of four atmos- 
pheres. 	Examination of the product by g.l.c. (1% SE 30) indicated 
the formation of two products in the ratio 8 to 1. 	G.l.c._m.s. showed 
that both compounds had molecular ions m/e 172, and the compounds had 
almost identical cracking patterns, indicating their isomeric nature. 
M 
(25a) 
The products were apparently the two isomer of 4—methylcyclopenta.. 





The great excess of one isomer resulted in the 11ln.m.r. spectrum 
apparently showing only one compound. 	This was readily identified as 
(25a) by reasoning similar to that used to identify 4—phenylcyclo_ 
pentalalindane (lOa). 	The quintet of JIB  '(7.24, J 811z) proves that 
A' "B and " 	 87c are all cis to each other. 	The more cleshielded. 
quintet (6.69) must be HA because of the proximity of the aromatic 
ring. 	It is likely that the smaller methyl group in (24a) compared 
to the phenyl group in the analogous indene (9) means that there is a 
smaller steric effect inhibiting an, incoming hydrogen molecule from 
attacking the double bond on the same side of the molecule as the 
substituent. Hence hydrogenation of indene (24a) gives a small amount 
of indane (25b) whereas hydrogenation of (9) gives no (lob). 
The benzodiazepiiies (16) were identified by their mass, ultraviolet 
and n.m.r. spectra. All three diazepines gave mass spectra with 
small peaks due to the molecular ions which readily eliminated nitrogen 
(the M+-28 peak was shown to be due to loss of N.. and not C
2  H4
by 
exact mass determination). 	Further fragmentation resulted in loss of 
.CH3 and C2114  (base peak) from the 11+-28 ion, the cracking pattern 
being confirmed by metastable peaks. 	The ultraviolet spectra of the 
benzodiazepines (16) showed excellent agreement both in terms of wave—
length and extinction coefficients with the spectra of benzodiazepine 
(26). 40 
(26) X:CH3,CF3  
90 
The 1Hn.m.r. spectra of the diazopines (16) revealed certain 
interesting differences between the compounds caused by their different 
substituonts. 	In (16a) and (16b) the azo group deshields HA in 





shielding effect of azo groups is well icnown.'92 	In (16c), however, 
the fluorine apparently shields its ortho protons to the extent that 
HA did not absorb at significantly lower field than the other aromatic 
protons. 	This is in agreement with the 111n.m.r. spectrum of fluoro 
benzene in which tile93  ortho protons are shielded. 	In (16h) the 








0 	 x 3'O1 
c275 
T 291 
(JBC 811z, Jqc 1.511z). 	Irradiation on part of the aliphatic multiplet 
(r7.5) in (16a) collapsed the methyl doublet t7.93) to a singlet. 
The identity of the diazepines was confirmed by their 13Cn.rn.r. 
spectra. 	The proton decoupled spectra showed 0-4 to absorb at 67 p.p.m. 
in good agreement with the chemical shifts of analogous carbon atoms 
in other benzodiazepines.81 	In (16c) the fluorine couples with the 
aromatic ring carbons with almost identical coupling constants to 
those found in fluorobenzene.94  
1 ,2 , 3 ,4—Tetrahydro__methylbenzo [c] cyclopenta [e]_ 1 ,2J_diazepine 
(16a) was pyrolysed in a vacuum furnace at 4000. The product was 
collected in a cold trap and. was shown by g.l.c. and g.l.c.—m.z. to 
contain two isomeric compounds (ratio 2:1) which were identified as 
1 ,2,3,4_tetrahydro_4_methylcyclopentab]indene (24a) and 1 ,2,3,8b— 
tetrahydro_4_methylcyclopenta[ indene (27) respectively. 	This is 
an analogous reaction to the thermolysis of benzodiazepine (28) which 
91 
HMe (24a) 
- 	 92, 
gave isomeric indencs.95  The thermolyis products of (16a) could not 
(28) 
be separated, but comparison with an authentic sample of (24a) by 
g.l.c..s. and 11.m,r. spectroscopy identified the major component 
in the mixture as (24a). 	The isomeric compound was identified as 
(27) by its 11.m.r. spectrum which showed II-.8b as part of a multiplot 
T6.3-.7.0) and had a low field methyl singlet (t'8.00). 
The L11—pyrazole (17) was identified by its mass and n.m.r. spectra. 
The mass spectra were almost identical to the spectra of the corres—
ponding benzodiazepines (16), a fact which is to be expected as the 
fragmentation of both sets of compounds is governed by the facile 
elimination of nitrogen, followed by loss of C 2 H 4 from the five— 
membered ring. 	The 111nm.r spectra of the 311—pyrazoles (17) revealed 
very little; only methyl singlets and aliphatic and aromatic multi— 
plots. 	The 13Cn.m.r. spectra, by comparison, were most informative. 
C-6a absorbed at 110 p.p.m. which is in excellent agreement with the 
corresponding carbon (C_.5) in the spiropyrazole (29) which absorbs at 
X 
a: X:: H 
b:X:Me 
C; X:F 
109.8 p.p.m.96 (Cf. the sp3 carbon in the diazepine (16) which absorbed 
at 67 p.p.m.). 
n 
NN 
I 	I '-'1  
"\ T --coome  
Q\_ /2 COOMe 
The olefinic carbons in (17) absorbed downfield of the aromatics, 
at 148 and 161 p.p.m. 	All the carbons in the 311..-pyrazoles (17) were 
accounted for in the spectra, and the fluorine-carbon coupling constants 
in (17c) all agreed closely with those in fluorobenzene.94  
The mechanism of the decomposition of 1-acetyl-2-arylcyclopentene 
tosyihydrazones in aprotic solvent is clearly of great importance in 
the understanding of the decompositions of similar cyclic tosyihydra-
zones, as it results in the formation of all three types of product 
43 found in such decompositions, 40, i.e. pyrazoles, diazepines and 
unsaturated hydrocarbons. As was mentioned in the introduction to 
this Thesis, diazoalkenes (30) in which carbocyclic rings join either 
the diazo-carbon and Ccx, or Coc and 	cyclise to initially give 
(30) 	 - 
NN 
311-pyrazoles if this mode of reaction is possible, given the geometrical 
constraints on the molecule. 	Such a cyclisation is a 6-electron 







imately planar. 	Drieding models or these diazoalkenos can be con- 
structed which readily explain the ease or difficulty with which the 
intermediates cyclise to 3H-pyrazoles in terms of the distance between 
the two ends of the 611-electron system. 	For this purpose, the models 
were constructed with the diazo group in its most stable linear con-
formation,1  although the group would have to bend to attain the 
transition state necessary for the cyclisation. 	Diazoalkene (31) has 
a smaller gap between the ends of the IT-system than has diazoalkene 
(32). 	thus (31) gives a high yield of pyrazoles, 	whereas (32) 
only gives pyrazoles when a hydrogen atom on C-3 of the 311-pyrazole 
(33) is capable of driving the reaction to completion by migrating to 
give the 111-pyrazole. 	This behaviour is strong evidence for the 
reversibility of the reaction between (32) and the corresponding 
3H-pyrazole (33), although a small hydrogen atom on the fl-carbon of 





and hence may facilitate pyrazole formation. When aromatization of 
the pyrazole via hydrogen migration is not possible, diazoalkene (32) 
forms either a diene or a diazepine.4°  
Djazoalkene (23) has a distance between the ends of its 6ci-electron 
system which is intermediate between that of diazoalkenes (31) and 
(32). 	It is not surprising therefore that the yield of pyrazole 
from (23) is intermediate also. 
0  (23)(fN=N 7A
\ Me 
The next problem which the mechanism must explain is why both the 
diazepine (16) and the indene (24) are formed in addition to the pyra- 
zole (17). 	As was mentioned in the discussion of the decomposition 
of 2-diazobenzyl_1_pheiiylcyclopontene (8), diazoalkone (21) has a 





geometry more suitable for cyclisation to a diazepine than have diazo- 
alkenes (8) and (23). 	However, diazoalkene (8) is more stable than 
(23a) due to the phenyl group on the cliazo-carbon1 in (8). 	This fact 
is supported by the red coloration in the decomposition of 1-benzoyl-
2-phenylcyclopentene tosyihydrazone, and its absence in the decompo- 
sition of 1acetyl-2_phenylcyclopentene tosyihydrazone. 	It appears 
that the higher ground state energy of cliazoalkeno (23) compared to 
(8) enables it to surmount energy barriers to form diazepine (16) and 
pyrazole (17) even though its molecular geometry is such that a diazo-
alkene with the same geometry around the 1'c-system (8), but greater 
stability, is unable to surmount such barriers. 
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Likewise, the phosphazine (39) formed from 1-(1--.diazoethyl)-2- 
to give the hydrazone (38). 
Ph 
Ph *N=N Bu3  
Ph 
why 3-diazobut-1-ene (34) cyclises to give a pyrazole thirteen times 
faster than 3-diazopropene (35). 	It is well known1 that methyl groups 




on the cliazo-carbon destabilize diazoalkenes relative to the unsub-
stituted compound, just as corresponding aryl groups stabilize them. 
The intermediacy of the diazoalken (23) in the decomposition of 
1 -acetyi-2-arylcyclopen-tene tosylliyclrazone (ii ) was verified by the 
adciuct which was formed, when the salt was decomposed in the presence 
of tri-n-butylphosphine. It has been known for many years 97  that 
diazoalkanes add to phosphines to give phosphazines, and it has recent-
ly been shown 
98 
 that the adduct (37) of diazotetraphenylcyclopentadiene 
(36) with tri-n-butylphosphine readily hydrolyses during the work-up 
phenylcyclopentene (23a) and tri-n-hutylphosphine hydrolysed during 
the work-up to form 1 ..-acetyl-2-phenylcyclopenten.e hydrazone (40) which 
was identified by 1}In.m.r. and i.r. spectroscopy, and by its condensa-
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Me (40) 
97 
The 6aaryl4, 5, 6-trihydro_3mehylcvc1openta [c pyrazoles (17) 
were heated under ref lux in DLd and were found to decompose to give 
both the indene (24) and the diazepine (16). 	Diazopine (16a) was 
found to be stable under these conditions. 	Tri-n-butylphospliine was 
again used to determine whether the 6ii-electroil ring closure of 
diazoalkene (23) was reversible or whether the indene (24) and the 
diazepine (16) were formed from the 3H-pyrazole by a route other than 
via the diazoalkene, perhaps involving the di.radical (41, scheme 4), 
or the formation of the diazepine (16) via a concerted 1,3-shift. 
The formation of a good yield of hydrazone (40) when the 311-pyrazol.e 
(Via) was heated in 1YINT, in the presence of tri-n-bu-Lylphosphine, and 
the complete lack of indene (24) and diazepine (16a) in the reaction, 
indicate that the 3H-pyrazole (17) does indeed reverse to give the 
diazoalkene (23). 	Under the same conditions, diazepine (16a) was 
shown to be stable in the presence of tri-n-bu-tylphosphine, indicating 
that the phosphazine (39) could not have been formed from the diazepine 
(16a). 
The possibility that the phiosphazine could be formed directly from 
the 31I-pyrazole was also discounted on the grounds that 4,5,6,7-tetra-
hydro3_methyl_7aphenylindazole (42) when heated under ref lux in D_7-,,Z  





rearrangement (see later) and no phosphazine or hydrazone were formed. 












phenylcyclopentene tosylhydraz one (1-1a) showed that the initial rate 
of formation of the 311-pyrazole (17) is much greater than the rate of 
formation of diazepine (16). 	Analysis of the reaction mixture after 
heating under ref lux for 1.5 h showed that the ratio of 311-pyrazole 
to diazepine was Ca. 11 to 1. 	Only after this time when an appreciable 
amount of pyrazole had decomposed to give diazepine and indene, did the 
ratio of 3H-pyrazole to diazepine become smaller. 	Therefore the rate 
of pyrazole formation is faster, but the diazepine is the more therrno- 
dynamically stable product. 	The use of h.s.l.c. in the decomposition 
of 4, 5, 6-trihydro-3-methl_6a_phenylcyclopenta [c] pyrazole (17,a) mdi-
cated that the ratio of diazepine (16a) to indene (24a) was ca. 1 to 2. 
This ratio was confirmed by 1Hn.m.r. spectroscopy of the crude product. 
However, the conditions of the dry column chromatography used to 
separate the products resulted in the decomposition of some of the 
indene. 	It is interesting that approximately half of the indene 
derived from the 311-pyrazoles decomposed on a dry column during work-
up, whereas no appreciable decomposition took place during the work-up 
of the products derived from the tosylhydrazones. 	There are two 
possible explanations for this: a) the aromatic solvents used in the 
former cases encouraged the decomposition, or b) the indene was washed 
off the alumina more quickly in the latter cases than in the former, 
resulting in less decomposition. 	Thus, after all this data has been 
assembled, it is possible to establish with some certainty the mechanism 
as shown in scheme 5. The similarity in the yields of indene and 
diazepine (scheme 2) from the three tosyihydrazones indicates that the 
substituent effects in the-aryl group are minimal. 	This is in 
agreement with the lack of such substituent effects in the cyclisation 












3. 	 -altosylhvdraono. 
The sodium salt of 2_phenylcyclopenten..4_al tosyihydrazone (43) 
decomposed when heated in boiling UME to give a red-coloured mixture 
which indicated the presence of diazoalkene (44). 	After removal of 
the L)-toluenesulphinate, the usual work-up gave a brown oil which 
contained a large number of compounds (scheme 6). 	This mixture was 
separated by dry column chromatography into two components and a small 
yield of 2-phenylcyclopenten_1a1 azine (45, 5%)  was crystallised from 
the component with the smaller Rf. 	The azine (45) was identified 
by its 11In.rn.r. spectrum which showed a low field aldehyde proton 
((1.54) and its mass spectrum which had a molecular ion at rn/c 340, 
which in addition to losing a hydrogen atom (m/e 339) readily broke 
the N-N single bond to form rn/c 170. No other compound could be 
identified in the fraction of the product with the smaller Rf, but 
t.l.c. indicated that none of the products in the mixture were yellow 
coloured and mass spectrometry of this fraction indicated only very 
small peaks at rn/c 184 (Ci 2H1 2N2) and rn/c 156 (C 2H12 ). 	These two 
facts strongly suggest that no pyrazole (46) or diazepie (7)  was 
formed in the decomposition. 
The component of the product which had a large Rf on dry column 
chromatography was examined by g.l.c. and g.l.c.-m.s. 	These techniques 
showed two volatile products in the ratio 6:1. 	The mass spectrum of 
the major peak had its base peak at rn/c 156, and peaks at rn/c 155 
(44%) and rn/c 128 (79%) which correspond to loss of .11 and C 2 H 
 4 
 from 
C12H12-V 	This data supports the structure of 1 92,3,4,4-pen-tahydro. 
cyclopenta{b]jndene (48) but this structure could not be confirmed by 
(8) 
UM 
the 111n.m.r. spectrum of the riiixtuo. 
It is apparent, however, that in the decomposition of diazoalkene 
(41), carbene derived products (hydrocarbons and azine) predominate 
to the exclusion of pyrazole and diazepine. 	This is in agreement with 
the previous data on compounds of the same geometry round then—system. 










cannot surmount the energy barriers which are necessary to form pyra— 
zole and diazepine. 	The carbene from (8), however, is stable and 
hence provides a facile route to hydrocarbon products. Diazoalkone 
(23a) is the least stable of the three and, is able to form a 311—pyra— 
zole and a diazepine. 	Diazoalkene (44) is more stable than (23a) 
and evidently does not readily attain the transition states which must 
be reached in order to form pyrazole and diazepine. However, the 
carbene (49) derived from (44) will be much less stable than that 








phenyl group in (14), and if that instability is manifested in a less 
easily attainable transition state between (44) and (49), then it is 
clear that the diazoalkene (44) does not have any facile mode of 
decomposition which is likely to result in a "clean" reaction. 	The 
products are partially derived from carbene (49), but it is apparent 
that a considerable amount of the diazoalkene (44) decomposes by 
unknown routes to give multiple, unidentified products. 
4. 	2.-Acetyl--3--1)hen'linderio tosylbydrazone. 
When heated under ref lux in Dffi, the sodium salt of 2._acetyl_3_phenyi—
indene ±osylhydrazone (50) quickly decomposed to the diazoalkene (Si), 
the presence of which was indicated by a red—brown coloration. 	Al— 
though all the tosylhydrazone had decomposed within 1 h, the reaction 
mixture was kept at 650  for a further 18 Ii to ensure the complete 
reaction of the diazoalkene. 	The usual work—up gave a solid which 
was Purified by dry column chromatography to give 1_methylindeno-. 
(2,3t: 2,3)indene (52, 722). 	This hydrocarbon was identified by 
Ph 
K ITS  NN ?M, H 
Me 
(50) 	 (5 2) 
its 11In.m.r. spectrum which showed a benzylic proton (r6.33,q,J 8Hz), 
a methyl groupT8.58,d,J 8Hz) and two equivalent benzylic protons 
t6.45,$). 	The equivalence of the two benzylic protons is occ;dentai 
101. 
102 
unhk 	the equivalence 




The molecular geometry of diazoalkene (51) around the t—system 
which would be involved in any 6ii— or 8cr—electron ring closure is 




that the carbene (54) from diazoalkene (51) is more stable relative 
to its diazoalkene than is the carbene (22a) derived from diazoalkene 




(54) 	 Me" (22a) 
is possible through the additional aromatic ring in (54). 	This would 
account for the higher yield of hydrocarbon found in the decomposition 
of (51) compared to (23a). 	A contributing factor to the high yield 
of (52) may be that in order to form the 311—pyrazole (55) from diazo—
alkene (51) would involve both the aromatic rings in (51) becoming 
non—conjugated with the rest of the 1r—sytcm (and hence with each 










(51) 	 (55) 
than (23a) to (17a) where only one phenyl group becomes non—conjugated 




Me 	 Me 
(23a) (170) 
with the rest of the ii'—system. 	It is important to remember in this 
context that (23a) to (17a) is the kinetically favoured reaction in 
the decomposition of diazoalkene (23a). 
The remainder of the decomposition product of diazoalkene (51) 
was a mixture of compounds which could not be identified, but which 
did not appear to contain any pyrazole or diazepine. 	It is also 
reasonably certain that no 311—pyrazoie was formed as a moderately long 
lived intermediate in the decomposition as no such material could be 















5. 	1—Ac etyl-2 net lcj .1. ope)IJ101le  to.,jyjraz one 
The decomposition of the sodium salt of 1_acetyl_2_methylcyclopentene 
tosylhydrazone (19) resulted in the appearance of the red. colour due 
to 1—(1—cliazoethyl)2_me-thylcyciopentene (56) which faded to give a 
yellow solution. 	T.l.c. and g.l.c. of the product indicated, that 
multiple products, probably hydrocarbons, had been formed, but it was 
not possible to identify any of them. 
Decomposition of the tosylhyclrazone (19) in the presence of 1,1—
diphenylethvlene also gave a red solution, but in this case, the 
colour faded more quickly and analysis of the reaction mixture by 
g.l.c. indicated that only one g.l.c.—volatile product had been formed. 
Distillation, followed by dry column chromatography afforded 1—methyl- 














HA 1 A 
(57) 
was identified by its mass and IHn.m.r. spectra. 	The mass spectrum 
had a molecular ion (rn/c 288) which readily lost a methyl group (nt/c 
273). 	The 1Hn.m.r. spectrum showed that the pair of doublets (HA) 
had small coupling constants (J 5Hz). 	Irradiation on either doublet 
caused collapse of the other. 	The small coupling constant is typical 
of geminal protons in cyclopropyl rings,87'99 and too small for geminal 
protons in larger rings. 	This rules out the possibility of the 
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Me H 	(62) 
The structure of adduct (57) was confirmed by its hydrogenation 
at atmospheric pressure during which two molecules of hydrogen were 
taken up per molecule of substrate. 	The resulting product was a 
mixture of hydrocarbons which could not be separated, but which could 
be partially identified by means of the 111n.m.r. and mass spectra of 
the mixture. 	It is known 100 that phenyl or vinyl substituents in 
cyclopropane rings increase the ease with which the ring is broken. 
Ilydrogenolysis of these compounds results in the breaking of that bond 
which is adjacent to the activating substituent. 	On such grounds it 
would appear that ring opening of (57, scheme 8) by route "a" (three 
activating substituents) would be favoured over route "b" (two activat-
ing substituents) which would be favoured over route "c" (one activating 
substituent). 	The spectra of the product bore out this prediction. 
The 111n.rn.r. spectrum had a benzylic multiplet (5.86.1) which 
integrated for 0.811. 	Thus, there appears to be much more (60) plus 
(61), than (62). 	This was confirmed by the mass spectrum which showed 
the molecular ion (m/e 292) losing •C91117 to leave the base peak at 
rn/c 167. 	This can be achieved by either (60) or (61). 
I HM  
Metastable 	 H Me 
LCH2 CHPh2] 95.5 CH [Ph2cH] 
[ H 	e L HMe 	j m/e 167
(so) 
Unlike the quantitative yield of adduct (57) formed in the presence 
of 1,1-diDhenylethylene, the decomposition of 1-acetyl-2-methylcyclo_ 
pentene tosyihydrazone (19) in cyclohexene resulted in a large number 
of products, none of which could be identified. 	Extensive g.l.c.-m.s. 


























The most likely explanation of the behaviour of diazoalkene (56) 
with these olefins is that the carbene (63) quickly undergoes inter—
system crossing from the singlet to the triplet state, in which state 
1 ,l—diphenylethylene is a much more effective trap than cyclohexene.91  
90  
Moritani used th is argument to infer the triplet multiplicity of 
ferrocenophane..carbeno (64) which added to 1 ,l —diphenylethylene, but 
not to dec-1—ene. 
(64) 	Fe 	): 
It is still open to some question whether adduct (57) is formed 
from carbene (63) or whether the diazoalkene (56) adds to the olefin 
to give pyrazoline (65) which then loses nitrogen to give the diradical 
(scheme 9). 	This latter mechanism could readily explain the lower 
concentration of diazoalkene (faster disappearance of red colour) 
found when the decomposition is carried out in the presence of 1,1—
diphenylethylene. The olefin could quickly react with the diazoalkene 
(56), keeping its concentration low, whereas in the carbone mechanism 
presumably the loss of nitrogen is the rate determining step, and 
hence should be independent of the olefin concentration. 	It seems 
likely, however, in view of the preferential trapping ability of 1,1—di—
phenylothylene compared to cyciohexene, and also because pyrazoline 
(65), if formed, would probably be stable under reaction conditions, 101  
that the diazoalkene (56) decomposed faster to the carbene (63) in the 
presence of 1 ,l—diphenylethylene because the reaction temperature in 
that case was rather higher than in the absence of the olefin. 
It has already been argued that cyclisation of diazoalkenes with 
i-f—system geometry as in (56) do not readily undergo ring closure to 
the 3H.pyrazole because of the large distance between the ends of the 
6r1—system. 	Furthermore, diazoalkene (56) should cyclise more slowly 13 
to the 3H..-pyrazolo than does (23a) due to the different substi.tuonts 









much conjugation to stabilize it (cf. 14) it appears from the products 
formed that the formation of (63) is the favoured mode of decomposition 
of diazoalkene (56). 
Let us now consider the possible reactions which are open to 
carbene (63). 	It might be able to undergo a hydrogen shift to give 
diene 66) as does 2—dlmetllylmetllylenecycloperitylearuene 	(67), but 
this is apparently not favourable, probably because of the fast inter— 
system crossing of the first—formed singlet carbene to the triplet 







of bicyclic cyclopentene (68) as a stable product is most unlikely 








the most obvious intramolecular reaction modes are not facile routes 
to stable compounds for carbene (63). 	it is apparent that the carbene 
reacts in a variety of ways, perhaps involving intermolecular reactions, 
fragmentations, and molecular rearrangements. 
The consideration of one possibility for the decomposition of 
carbene (63) was prompted by the rep orts24'25 of carbene-carbene re-
arrangements in conditions not dissimilar to those used in this 
research. 	For example, benzocycloheptatrjenvij 1e (69) in boiling 








fl _napht11ylcarbene (70, scheme 10), - If a similar mechanism is involved 
in the dec ompositi on of 1 ace-byl_2me-thylcyc lojpontene tosylhydrazorio, 
then products derived from 2 ,3—dirnethylc3,clollex_.2eflylcarbej1e (71) 
would be formed. 	To this end, the sodium salt of 2,3—dimethylcyc10.. 










C >—Me  
 
(71) 
6. 	 tosyra2ne. 
The sodium salt of 2 ,3—dimethylcyclo -iex_2_enone tosylhydrazone (72) 
was heated under ref lux in cyclohexane and analysis of the product 
solution by t.l.c. and g.l.c. indicated that many products had been 
formed. 	These products could not be separated, but g.l.c.—m.s. of the 
major peaks showed the presence of what were probably 1 ,2—dimethyl_ 
cyclohexa_1 ,3—diene (73) which had a molecular ion at m/e 108 which 
lost a methyl group to give the base peak at rn/c 93, and 3—cyclohexyl_ 
l,2—dimethylcyclo}iexeie (74) which lost .C61111  from its molecular ion 











Products (73) and (74) are both predictable. 	nr 	14irrnse 	says that 
f—C_lI insertion to give an olefin occurs almost exclusively when the 
divalent carbon is incorporated in five— and six—membered rings. 
One-further interesting mass spectrum was taken from the product 
mixture. 	This had a molecular ion at m/e 154, and although it was 
not found possible to identify the compound, the spectrum was identical 
with spectra obtained, by Stanley 43 in the decomposition of l--acetyi_ 
2—methyicyclopenteye tosyihydrazone in —xylene and. n—heptane. 	This 
was the only evidence which indicated the possibility of carbonecarbene 
rearrangement, and it was unfortunate that more time could not be 
devoted to investigating this possibility, 
In order to ascertain if the cyclohexcnyl carbene (71) would give 
the same adduct as the cyclopen-Lenyl carbene (63), the decomposition 
of the tosyihydrazone salt (72) was carried out in the presence of 
1,1—diphenvlethylene 	The decomposition occurred more quickly in the 
presence of the olefin, no doubt as a result of the higher reaction 
temperature. 	Examination of the product by g.l.c.—m.s. revealed two 
main products. 	The one with the shorter retention time was the 
mysterious compound with the molecular ion at m/e 154, and at the 
longer retention time was an adduct (M+ 238) which, from its retention 
time and cracking pattern was not 1 —methyi_2_(1 —methyl-2 , 2—diphonyl_ 
(57). 	Isolation of the pure product by dry 
column chromatography and distillatfon allowed it to be identified as 





I 	+ Ph2C=CH2 Me~) 
Me 	 () 
(71) 	 Me 
Me 
(75) 	Ph 
Ph mass spectrum of the adduct (75) was similar, but not identical to 
that of (57) and its 111n.m.r. spectrum showed the geminal constant 
(J 511z) typical 99  of cyclopropanos. 	The identity of the compound was 
confirmed by its hydrogenation product. 	The expected products from 
the hydrogenation/hydrogenolysis of (75) are those which involve the 
breaking of bonds"all and "b", the governing factors being that the 
















bond which breaks should be adjacent to the vinyl group, 100 the 
100 	 103 phenyl groups, and opposite to the spiro atom. 	The mass spec— 










benzylic proton. 	The 1JIn.m.r. spec trum indicated that all the product 
1(76)0r(77)] — [Ph2CH]+ +1C 9H17] ' 
molecules had benzylic protons (t5.8-6,1,m,111), and the presence of a 
singlet (t8.58) which integrated for 1.5 protons (the methyl group in 
(77)), showed that approximately equal quantities of (76) and (77) had 
been formed. 
7. 	1-Acetyl-2-I-)Ii(-iiylc,yclohexene tosv1.hvdr zone. 
In order to determine the effect of carbocyclic ring size on the 
decomposition of 1 -(1-diazoeth.yl)_2-phenylcycloallcenes, the sodium 
salt of 1-acetyl-2-phenylcyclohexene tosyihydrazone (78) was decomposed 
in boiling J3hE. 	By analogy with the decomposition of 1-acetyl-2- 
phenylcyclopenterie tosylhydrazone (ha), and considering the proximity 
of the ends of the 6-ti-system in (79) compared to (23a), it seemed most 
likely that the kinetically favoured product would be 4,5,6,7-tetra- 
hydro-3-methy1-7a-phenylindazole (42). 	It was of interest to find out 
if the indazole (42) would ring-expand to the diazepine as the anal-
ogous pyrazole (17a) had done, or if another mode of reaction would 
take place. 
The tosylhydrazone decomposition did indeed give a virtually 
quantitative yield of indazole (42) after 4 h. At no state in the 
decomposition did a red colour develop, and hence it can be inferred 
that diazoalkene (79) never reached a high concentration. 	Only a 
moderate yield (33) of the indazole was isolated by wet column 
I 	














chromatography and recrystallisatidh,because the indazole slowly 
decomposed on the alumina. 	It is virtually certain, however, from 
t.l.c. and h.s.l.c. evidence, that the yield of indazole before work— 
up was very high. 	This fact is to be expected from the molecular 
geometry of the diazoalkene (79), which allows cyclisation to the 
3H—pyrazole because of the short distance (3.55 X) between the ends 
of the 611—system. 	This distance is virtually as short as that 
between the ends of the Ti—system in the 1—diazo-2—methylenecycloiiexenes 
(31) which react exclusively to form pyrazoles.40'81  
The indazole (42) was identified by its H and 13 Cn.m.r. and mass 
spectra, as well as by comparison with isomeric compounds. 	It had 
been thought possible that the indazole (42), if formed, could undergo 
a van Alphen rearrangement 45 to one of the aromatic N—phenylindazol.es  
or (81), and to examine this possibility, a mixture of (80) and 
was synthesised by the condensation of 2—acetylcyclohexanone 
6 with phenyihydrazine (83, scheme 11). 7, 	Comparison of the 
spectra of (80) and (81) with those of (42) showed that the product 
of cyclisation of diazoalkene (79) was neither (80) nor (81). 
The mass spectrum of indazole (42) showed the molecular ion at 
rn/c 212 (18%) losing nitrogen to give rn/c 184 (48%) followed by the 
loss of a methyl group. 	The loss of nitrogen to give a much bigger 
peak than the parent is very good evidence for an azo group, and the 
spectrum of (42) is in good agreement with that of 4,5,6—trihydro_3_ 
113. 
11 	. 
rnethy1—a_phenylcyclopenta[c] pyrazole (17a), although the ratio M23+:M+ 
is much greater in (17a) which has greater ring strain than (42). 
Ph 
N. 
(17a) 	K jN 
'Me 
The 11-In.m.r. spectrum of (42) is not very informative, but the 
13Cn.m.r. spectrum confirmed its identity. 	C-7a, at 99.8 p.p.m. was 
in the region expected for a carbon in the 311—position of a 31111—pyra—
zole, albeit rather less desbielded than in the case of the cyclo— 
pentane analogue (iTa). 	All other carbons (aliphatic, olefinic and 
aromatic) appeared as sharp signals at their expected shift from ThIS, 
and the spectrum is in excellent agreement with those of analogous 
±etrahydro_311_indazoles (see experimental Appendix 8). 
Y1ien 4,5, 6,T—tetrahydro_3_ruet]lyi7apheflylifldazole (42) was heated 
for a long period (5 days) in ME, it did not ring expand to a benzo—
diazepine like (17), but instead slowly rearranged to an isomeric 
pyrazo].e. 	When the spectra of this product enabled the structures' 
(80) and (81) to be discounted, it was assumed that the isomer was 
4,5, 6,T_tetrahydro_3_methyl_3aphenyljndazole (84), a structure which 
seemed to account for the 111n.m.r. and mass spectra. 	It has been 
shown (see Introduction) that under normal circumstances aryl groups 
migrate more readily than alkyl groups in van Aiphen rearrangements. 
The 13Cn,m.r. spectrum, however, indicated that stricture (84) was 
incorrect, because only two signals (each from two carbons) were found 
from the four C12 groups in the carbocyclic ring. 	Thus, barring 
accidental coincidence, which is most unlikely in the sharp lines of 
the spectrum, there must be only two types of carbon in the carbocyclic 
ring of the isomeric pyrazole. 	Thus, the structure is that of 
115. 






42) 	 (s 
Me 
(85) hnd the molecular ion at rn/c 212 (27) losing 28 mass units to 
give m/e 184 (34) followed by the loss of a methyl group. 	The peak 
at m/e 184 is mainly (but not entirely) due to loss of nitrogen, but 
it is only marginally larger than the parent ion, a fact which makes 
the presence of anazo group most unlikely, yet shows that the nitrogen 
atoms are bound together. 	The 1Hn.m.r. spectrum showed two highly 
deshielded aromatic protons t2.0-2.3) which are explained by the 
deshielding effect of the C = N bond on the ortho-protons. 	This is 
analogous to the spectrum of (86)1 04 which has the ortho-protons 
significantly deshielded ((2.2_2.4) from the rest ('C2.55-_2.75). 
(86) 	':">=N—Me  
The 13Cn.rn.r. spectrum of 411-pyrazole (85) had two highly deshielded 
signals at 178 and 181 p.p.rn. which are attributed to the C = N carbons. 
Such carbons are know 96n 	to have very low field signals. 	C-4 absorbed 
at 68 p.p.m. which agrees well with other 4H-pyrazoles. 96 
The reason why the spiro_411-pvrazole (85) is formed rather than 
/ 	 39,40,46 84j when previous work 	has indicated that alkyl groups migrate 
less readily than aryl ones is not easily explained. 	The precise 
mechanism, of the thermal van Aiphen rearrangement is not yet known, 
116, 
and indeed no one has pioposed a reason why aryl groups normally 
migrate more readily than alkyl ones, 	it may be because of the 
relief of ring strain in (42) caused by the fusion of the five- and. 
six-membered rings in a manner which includes adjacent sp3 and sp2  
hybridised carbons which causes the anomalous alkyl shift to give the 
411-pyrazole (85). 	It is apparent that 4,5,6-trihydro-3-methyl_6a._ 
phenylcyc 1 openta [hi pyraz ole (17a) cannot undergo an analogous van 
Alp lien rearrangement as this would introduce a strained cyclobutane 
ring into the molecule (87). 	The greater ring strain in (17a) 
Ph 	 Ph 
Me 	 Me 
N  
(17a) (87) 
compared to (42) is the main reason why the former, and not the latter, 
is able to ring expand to the diazepine. 
2-(cis-hetiwl-trans_phenylmethvl one )cyclohexanone tosylhydrazonc. 
The sodium salt of the tosyihydrazone (88) was heated under ref lux in 
DU for 30 h. After heating for a few minutes, a very pale pink 
colour was seen, but this quickly faded, indicating that the intennedi- 
ate diazoalkene (89) never reached a high concentration. 	H.s.l.c. 
and t.l.c. showed the formation of one major product, which was worked-
up and purified by wet column chromatography and recrystallisation to 
give 4,5,6 ,7-tetrahydro-3methyl.3....pheny1indazoie (90, 58). 	The 
yield was lowered considerably because the indazole slowly decomposed 
on alumina. 	The formation of (90) is predictable in the light of the 








9 NSO2Ar -3 
(88) 	 (89) 	 (so) 
Indazole (90) was identified by its mass and n.m.r. spectra. The 
molecular ion at m/e 212 (16) lost 28 mass units, almost entirely by 
loss of nitrogen to give m/e 184 (79). 	The cracking pattern was 
very similar to that of indazole (42). 	The 111n.rn.r. spectrum vias not 
very informative, but agreed with the proposed structure, and the 
13Cn.m.r. spectrum confirmed the identity. 	C-3 absorbed at 97 p.p.m. 
and the spectrum was in excellent agreement with those of other 
311—indazoles (see experimental Appendix 8). 
The thermolysis of indazole (90) did not result in the formation 
of an isomeric pyrazole. 	\flien sufficiently hot solutions were used 
to decompose (90) multiple products were found which could not be 
identified. 	It is interesting to note that the product which would 
be pro dicted51 is precisely the compound (84) which was expected, but 
which did not form, in the therrnolysis of 4, 5,6,7—tetrahydro-3_metliyl_ 
7a—phenylindazole (42). 
at 
N,,j C;N~, 	N NN ~~ C1 \ N -x- 
Me 	Ph Mz 
(42) 	 (84) 	(90 Ph 
Mc 
117. 
However, the treatment of indazole (90) with acetic acid at 950 
resulted in a moderate yield (31k: isolated) of 4,5,6,7—tetrahydro_ 
3—rneLhyl-3a_phenylindazole (84) which was identified by its mass and 
n.rnr. spectra as well as by comparison with isomeric compounds. 






deshielded protons, indicating the absence of a Ph—C = N- group. 104 
The mass spectrum had a molecular ion at rn/c 212 (26) which lost nitro— 
gen to give rn/c 184 (23). 	The M+: 1,1+-28 ratio indicates a=NT—N=  
system rather than a 	The 3 1 Cn.rn.r. spectrum of indazole (84) 
showed C-3a at 63.3 p.p.m. and two heavily deshielded C = N signals 
(180 and 182 p.p.m.); these and other signals being in good agreement 
with the spectra of other 411—pyrazoles (experimental Appendix 9). It 
can be concluded that (84) is only formed by van Alphen rearrangement 
from a 31I—pyrazole if vigorous acidic conditions are used. 
2— (Di —p—tolvlinethyl ene ) eye 1 ohexanone tosylliydrazone. 40 
The sodium salt of the tosylhydrazone (91) was decomposed in MIL. At 
no stage during the reaction did any red colour develop, hence it may 
be assumed that the diazoalkene (92) readily cyclised to the product. 
The usual work—up, followed by dry column chromatography and recrystal— 
lisation afforded 4,5,6,7—tetraI1ydro_3,3_di_tolyljndazole (93). 	As 
with other 1 —diazo-2—rnethyl enecyc 1 ohexanes, the 6n—e 1 ectron ring closure 







the short distance between the ends of the Ti—system. 	The melting 
point, i.r. and 111i.m.r. spectra of the indazole (93) agreed with those 
of Ihorogood.40 
	13 The 	Cn.m.r. spectrum showed the characteristic 0-3 
absorption at 104 p.p.m., and was in excellent agreement with the 
spectra of other tetrahydro-3H—indaz oles (see experimental Appendix 
8). 	The mass spectrum, which also agreed well with analogous compounds, 
had a small molecular ion at rn/C 302 (8%)  and an 1,1+-28 base peak which 
corresponded to loss of nitrogen, hence confirming the azo group. 
Thorogood40 pyrolysed the indazole (93) in a vacuum at 1700 and 
obtained an isomeric compound to which he tentatively assigned the 
structure of an N—arylindazole (94) or (95) on the grounds of its i.r. 
and 
1 
 Hn.rn.r. spectra, as well as on the data of 1-lu 	
46
ttel who had 
reported such migrations. 
 
Ar 
I I N—Ar 
(9 4) 
or Ar 





The thermolysis of indazolc' (93k in boiling toluene (b.p. 111°), 
followed by recrystallisation of the product gave a compound (75fl 
4 
with identical i.r. and 
1 
 iIn.m.r. spectra to those found by Thorogood. 0 
These spectra could indeed be attributed to (94) or (95), but mass 
spectrometry shcwed that the molecular ion at rn/c 302 (48) lost 
nitrogen to give rn/c 274 (iooç). 	It is most unlikely that an N—aryl_ 
indazole such as (94) or (95) could have such a frngnientation, and so 
it is proposed that the isomeric ind.azoie is 4,5,6,7_tetrahydro_3,3a_ 
di—.-tolylindazole (96). 	The 
3
Cn.m.r. spectrum of (96) was very 
similar to the spectra of other 4H—pyrazoles (experimental Appendix 
,Me 
(96) 
9), notable signals being C-3a at 67 p.p.m. and the two C = N signals 
at 180 and 183 p.p.rn. 	None of these absorptions could be explained 
by (94) or (95). 	The 111n.m.r. spectrum is also more suited to (96) 
than the N—ar lindazoles as the low field aromatic doublet (t2.38,j 
8Hz,2H) is best explained by the protons HA being deshielded by the 
C = N bond. 	The assignment of (96) to the therniolysis product of 
(93) is also in line with other reactions in this research and in the 
50,51 	 52,53,54 
work of Jacc1uier, 	and Burr. 
120, 
CONCLUSION 
The main object of the research (see Preamble), i.e. the determina—
tion of the factors influencing the modes of decomposition of diazoalkene 
R2 
(1) (CH2cJ('  + 
Ri 
(1), was largely achieved. 	The importance of the proximity of the ends 
of the 6T(—system, and the stabilities of the possible intermediates and 
products (diazoalkenes, carbenes, 3H—pyrazoles, etc.) is well established. 
The decomposition of such diazoalkenes appears, however, to have only limited 
value in the preparation of 1 ,2—benzodiazepines due to the competition of 
other reactions. 
An unexpected development in the research was the van Alphen 
rearrangement of certain 311—pyrazoles to give 411—pyrazoles rather than the 
N—substituted isomers. At the time these rearrangements were carried out 
there was no literature precedent, but the results later gained support 
from the work of Jacquier50'51 and Dirr.52'53'4 
121, 
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